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WESTERN explorers have usually confined their labors to the 
more accessible altitudes ; indeed it is only within the last ten 
years that the higher portions of the great West have been 
studied. One remarkable feature of the extreme elevations is 
the absence of glaciers. Wide areas of mountains whose aver- 
age altitude and configuration are equivalent to the glacier- 
bearing mountains of Switzerland have been found to be 
covered here and there by deep fields of perpetual snow, simi- 
lar in character to the névé of the Alps. The whole topogra- 
phy of the loftier Cordillera within the United States has been 
modified by glaciers now extinct: vast moraines flank the 
higher gorges; accumulations of gravels and sands, erratics, 
roches montonnées, and the finest possible instances of polished 
rock abound wherever a considerable mountain mass is lifted 
above nine thousand feet. It is almost startling to observe the 
freshness of these indications. Travel where one will in the 
high Sierras or in the more elevated regions of the Rocky Moun- 
tains, he seems to be treading the pathway of a glacier of 
yesterday. A future study will, without doubt, clear up the 
entire chronological relations of the ice occupation of these 
ranges. The studies of Professor Whitney and his corps in 
the heights of the Sierra Nevada have developed a series of 
extinct glaciers equaling in all —- the former grandeur of 
the Alpine system ; ye with the exception of one or two 
rudimentary masses of ice, nothing is left in the Sierras but 
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the fields of perpetual névé snow. Very remarkable in depth 
and area as these are, they are not sufficiently extended, nor is 
there enough winter accumulation of snow, to start a glacier 
movement. Singularly too, the heights of Colorado prove to 
be even less snowy than the Sierras. The névé masses are less, 
and they waste much more during the dry season. The Wind 
River, Wahsatch and Uintah ranges have been examined by the 
writer, and although the extent of lofty peaks is very great, they 
are even less snowy than the heights of the Laramie range 
in Colorado. A comparison of the average annual tempera- 
tures of the Cordillera north of latitude 36° clearly shows that 
the climate is not too warm for the existence of glacier masses, 
and that the small precipitation of snow is due chiefly to the 
lack of moisture in the air. This entire region is swept by an 
almost invariable west wind, whose lower strata have been 
deprived of their moisture by the warm ascending currents of 
the valleys, and, although the peaks of the mountains are lifted 
into this wind, the actual amount of moisture is too small to 
create a great piling up of névé. Accordingly the summit re- 
gion is characterized by the absence of glaciers and a tendency 
of the entire flora to ascend into higher altitudes than at corres- 

onding Alpine stations. A single point lifted toa great height 
is not sufficient to form a great condenser. A widely elevated 
region is necessary for the creation of great local storm systems ; 
the two parts of the Cordillera, therefore, where we should most 
naturally look for glaciers are the Mount Whitney region in 
the Sierras of California, and the high group west of Denver. 
Professor Whitney, in his description of the former, calls partic- 
ular attention to their absence. The writer was one of those 
who made the exploration of this region, and was as much im- 
pressed as any one with this remarkable lack. 

In early September, 1870, with a small detachment of “ the 
U. S. Geological Exploration of the 40th Parallel,” acting 
under the orders of Maj. Gen. Humphreys, I visited Mount 
Shasta in northern California, for the purpose of making a 
detailed survey of the lava systems which flow eastward from 
that peak, and connect themselves with the basalt regions of 
the “aa Desert. On September 11th, we climbed to the 
top of the lesser Shasta, a conical secondary crater jutting out 
from the main mass of the mountain on its northwest side. 
The party consisted of Mr. S. F. Emmons, Mr. F. A. Clark, 
Mr. A. B. Clark, and Mr. Sisson, the well-known mountaineer 
and guide of the region, and the writer. We carried our phys- 
ical and topographical instruments, our fur beds, and provisions 
for four days. In the afternoon at about half past one o’clock we 
reached the rim of the cone, and looked down into a deep 
gorge lying between the secondary crater and the main mass of 
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Shasta, and saw directly beneath us a fine glacier, which started 
almost at the very crest of the main mountain, flowing toward 
us, and curving around the circular base of ourcone. Its entire 
length in view was not less than three miles, its width opposite 
our station about four thousand feet, the surface here and there 
terribly broken in “cascades,” and presenting all the charac- 
teristic features of similar glaciers elsewhere. The region of 
the terminal moraine was more extended than is usual in the 
Alps. The piles of rubbish superimposed upon the end of 
the ice indicated a much greater thickness of the glacier in 
former days. After finishing our Observations upon the side 
crater, an spending a night upon the sharp edge of its rim, on 
the following morning we climbed over the divide to the main 
cone, and up to the extreme summit of Shasta, a point 14,440 
feet above the sea level. From the crest I walked out to the 
northern edge of a prominent spur, and looked down upon the 
system of three considerable glaciers, the largest about four and 
a half miles in length, and two to three miles wide. On the 
next day we descended upon the south side of the cone, follow- 
ing the ordinary track by which earlier parties have made the 
climb. From the moment we left the summit we encountered 
less and less snow, and at no part of the journey were able to 
see a glacier. An east-and-west line divides the mountain into 
glacier-bearing and non-glacier-bearing halves. The ascent was 
formerly always made upon the south side where, as stated, 
there are no glaciers, and this is why able scientific observers 
like Professor Whitney and his party should have scaled the 
mountain without discovering their existence. 

Before and after the ascent of Mount Shasta, a week was given 
to an examination of the southern half of the volcano. Since 
the earliest settlement of Strawberry and Shasta valleys, there 
has never been such a complete denudation. From June to 
November, the snow masses were less than they have ever been 
seen before. This favored very greatly our geological observa- 
tions, and gave us an excellent opportunity to study the relics 
of the former great névé. We explored one after another all 
the cafions which, approximately following the radius of the 
cone, are carved to a greater or less depth into the lava-flows. 
From the secondary cone around to the eastern side of the 
main mass are only occasional fields of snow and ice—bodies 
of a thousand or two feet long, usually quite narrow and lying 
on the more shaded sides of the ravines. In nature and texture 
they are quite similar to the true glacier ice, possessing in all 
cases planes of stratification which indicate the pressure of the 
formerly overlying masses. There is little doubt that all the 
scattered snowfields, that, in the months of August and Septem- 
ber, dapple the southern slopes, are the relics of glaciers. They 


| 
| 
| 
| 
| 
| 
| 
| 
| 


160 © King—Glaciers on Mountains of the Pacific Slope. 


are found in the region of the ancient névé, but extending down- 
ward into what was formerly the zone of movement. 

Upon reaching the eastern side we found in a deep cafion a 
considerable glacier, having its origin in a broad névé which 
reaches to the very summit of the peak. The entire angle of this 
glacier can be hardly less than 28°. It is one series of cascades, 
the whole front of the ice being crevassed in the most interest- 
ing manner. Near the lower end, divided by a boss of lava, it 
forks into two distinct bodies, one ending in an abrupt rounded 
face no less than nine hundred feet in height. Below this the 
other branch extends down the cafion for a mile and a half, 
covered throughout almost this entire length with loads of 
stones which are constantly falling in showers from the cafion 
walls on either side. Indeed for a full mile the ice is only 
visible in occasional spots where cavities have been melted into 
its body and loads of stones have fallen in. From an archway 
under the end a considerable stream flows out, milky, like the 
water of the Swiss glacier streams, with suspended sand. Fol- 
lowing around the eastern base of Shasta, we made our camps 
near the upper region of vegetation, where the forest and _per- 
petual snow touch each other. A third glacier of somewhat 
greater extent than the one just described, was found upon the 
northeast slope of the mountain, and upon the north slope, one 
of much greater dimensions. The exploration of this latter 
proved of very great interest in more ways than one. Receiv- 
ing the snows of the entire north slope of the cone, it falls in a 
great field, covering the slope of the mountain for a breadth of 
about three or four miles, reaching down the cafions between 
four and five miles, its lower edge dividing into a number of 
lesser ice-streams which occupy the beds of the cafions. This 
mass is sufficiently large to partake of the convexity of the 
cone, and, judging from the depth of the cafions upon the south 
and southeast slopes of the mountain, the thickness cannot be 
less than from eighteen to twenty-five hundred feet. It is 
crevassed in a series of immense chasms, some of them two 
thousand feet long by thirty and even fifty feet wide. In one 
or two places the whole surface is broken with concentric sys- 
tems of fissures, and these are invaded by a set of radial breaks 
which shatter the ice into a confusion of immense blocks. 
Snow bridges similar to those in the Swiss glaciers are the only 
means of crossing these chasms, and lend a spice of danger to 
the whole examination. The region of the terminal moraines 
is quite unlike that of the Alps, a larger portion of the glacier 
itself being covered by loads of angular débris. The whole 
north face of the mountain is one great body of ice, interrupted 
by a few sharp lava ridges which project above its general level. 
The veins of blue ice, the planes of stratification, were distinctly 
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observed, but neither moulins nor regular dirt-bands are pres- 
ent. Numerous streams, however, flow over the surface of 
the ice, but they happen to pour into crevasses which are at 
present quite wide. 

One of the most interesting of all the features of the country 
was, however, the clearly defined moraines of the ancient and 
more widely extended glacier system. Nearly the whole topog- 
raphy of the lower part of the cone is modified by the deposi- 
tion of glacial material. At an elevation of about eight thou- 
sand feet upon the southern or snowless side of the mountain, 
is a great plateau-like terrace, about twenty-five hundred or 
three thousand feet wide, extending around one half of the 
cone and composed wholly of moraine material. Besides these, 
long, straight, or slightly curved medial moraines jut from the 
mountain in all directions, not unfrequently descending into the 
valley for several miles. Our party spent six weeks in climbing 
all over the cone, studying the systems of lava flows, laying down 
the sheets of material as they are exposed upon the flanks and 
cafions of the snowless parts of the mountain; and in making a 
detailed examination of the glaciers, and a complete survey of 
the cone and valleys about its base. A large number of alti- 
tudes were determined, and the material gotten by my assistant, 
Mr. F. A. Clark, for a ig. map of the mountain and 
glaciers, on a scale of two inches to the mile, and with grade 
curves of two hundred feet vertical intervals. When this map 
is completed, and the accurate form and dimensions of the gla- 
ciers determined, it is my purpose to “stg a careful account 
of the past and present conditions of the great volcano. 

During the prosecution of this work, Mr. Arnold Hague, assist- 
ant in the survey, was engaged upon Mount Hood, carrying out 
the same system of work, the topography being executed by 
Mr. A. D. Wilson. The system of volcanic flows, and the ex- 
isting and extinct glaciers of Hood, were worked out in the 
same manner as I have done for Shasta, and the results will 
form a part of our Report. 

Later, Mr. S. F. Emmons, accompanied also by Mr. Wilson, 
with very great difficulty pushed through the forest to Mt. 
Rainier, and laid the foundation of a similar survey of that cone. 
His descriptions of the peak and its glaciers will form a most 
interesting chapter of our work upon the volcanoes. 

The following letters addressed to me by Mr. Emmons and 
Mr. Hague contain an account of their glacier discoveries. 


To Ciarence Kine, U. 8. Geologist :— 

The glaciers of Mt. Tachoma, or Rainier as it is more com- 
monly called, form the principal sources of four important 
rivers of Washington Territory, viz: the Cowlitz, which flows 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


162 ©. King—Glaciers on Mountains of the Pacific Slope. 


into the Columbia, and the Nisqually, Puyallup and White 
rivers which empty into Puget Sound. In accordance with 
our instructions, Mr. A. D. Wilson and I visited this mountain 
in the early part of October, 1870, and carried the work of mak- 
ing its complete survey, both geological and topographical, as 
far as the lateness of the season and the means at our disposal 
would permit. As the topographical work has not yet been 
lotted, the figures given in my notes are merely estimates, and 
iable to subsequent correction. I herewith transmit an ab- 
stract from my notes upon the glaciers, embracing those of 
rather more than half the slopes of the mountain, those on the 
eastern side, from the extreme southern to the extreme northern 
point. 

The summit of Tachoma is formed by three peaks, a south- 
ern, an eastern, and a northwestern: of these the eastern is the 
highest; those on the south and northwest, being apparently 
a few hundred feet lower, are distant about a mile and a half 
to two miles from this, and separated by deep valleys. The 

eastern peak, which would seem to have formed originally the 
middle of the mountain mass, is a crater about a quarter of a 
mile in diameter of very perfect circular form. Its sides are 
bare for about 60 feet from the rim, below which they are 
covered by a névé having a slope of from 28° to 31°. This 
névé extending from the shoulders of the southwestern peak to 
those of the northern, a width of several miles, descends to a 
vertical distance of about 2000 feet below the crater rim, an im- 
mense sheet of white granular ice, having the general form of 
the mountain surface, and broken only by long transverse 
crevasses, one of those observed being from one to ‘two miles in 
length : it is then divided up by the several jutting rock-masses 
or shoulder of the mountain into the Nisqually, Cowlitz and 
White River glaciers, falling in distinct ice cascades for about 
8000 feet at very steep angles, which sometimes approach the 
perpendicular. From the foot of these cascades flow the glaciers 
proper, at a more gentle angle, growing narrower and sinking 
deeper into the mountain as they descend. From the interven- 
ing spurs, which slope even more gradually, they receive many 
tributary glaciers, while some of these secondary glaciers form 
independent streams, which only join the main river many 
miles below the end of the glaciers. 

The Nisqually, the narrowest of the three main glaciers 
above mentioned, has the most sinuous course, varying in 
direction from southwest to south, while its lower extremity is 
somewhat west of south of the main peak: it receives most of 
its tributaries from the spur to the east, and has a comparatively 
regular slope in its whole length below the cascades. There 
are some indications of dirt-bands on its surface, when seen 
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from a considerable elevation. Toward its lower end it is 
very much broken up by transverse and longitudinal crevasses : 
this is due to the fact, that it has here cut through the more 
yielding strata of volcanic rock, and come upon an underlying 
and unconformable mass of syenite. The ice front at its base 
is about 500 feet in height, and the walls of lava which bound 
its sides, rise from 1000 to 1500 feet above the surface of the 
ice, generally in sheer precipices. 

The bed of the Cowlitz glacier is generally parallel to that of 
the Nisqually, though its curves are less marked : the ice cas- 
cades in which each originates, fall on either side of a black 
cliff of bedded lava and breccia scarcely a thousand feet in hor- 
izontal thickness, while the mouths of the glaciers, if I may be 
allowed the expression, are about three miles apart. From the 
jutting edge of this cliff hang enormous icicles from 75 to 100 
feet in length. The slope of this glacier is less regular, being 
broken by subordinate ice cascades. Like the Nisqually its 
lower extremity stretches out as it were into the forest, the 
slopes on either side, where not too steep, being covered with 
the mountain fir (Picea nobilis) for several hundred feet above 
the level of the ice, while the Pinus flexilis grows at least 2000 
feet higher than the mouth of the glacier. 

The general course of this glacier is south, but at its extremity 
it bends to the eastward, apparently deflected from its course 
by a cliff of older felsitic rock, more resisting than the lava. 
The consequence of this deflection is a predominance of lon- 
gitudinal over transverse crevasses at this point, and an un- 
usually large moraine at its western side, which rises several 
hundred feet above the surface of the glaciers, and partakes of 
the character of both lateral and terminal moraines: the main 
medial moraine of the glacier joins this near its lower end. 
This medial moraine proceeds from the cliff which bounds the 
ice cascade source of the glacier on the north, and brings down 
a dark porous lava which is only found high up on the mount- 
ain near the crater. The position of the medial moraine on the 
glacier would indicate that at least half its mass came from the 
spur on the east, which is probably the case. 

This spur, comprehending the whole mass between the Cow- 
litz and White River glaciers, has the shape of a triangle whose 
apex is formed by a huge pinnacle of rock, which as its bedding 
indicates, once formed part of the crust of the mountain, but 
now stands isolated, a jagged peak rising about 3000 feet above 
the glaciers at its foot, so steep that neither ice nor snow rest 
upon it. One of the tributaries to the Cowlitz glacier from 
this spur brings down with it a second medial moraine, which 
is traceable to the mouth of the glacier, though in general these 
tributary glaciers bring no medial moraines. 
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On the eastern slopes of this spur between the two above 
named glaciers, spread secondary glaciers, frequently of great 
width, but owing to the limited height of their initial points, of 
inconsiderable length. These end generally in perpendicular 
cliffs overhanging the rocky amphitheaters at the heads of the 
smaller streams which flow eastward into the Cowlitz. Look- 
ing up from the bottom of one of these amphitheaters one sees 
a semi-circular wall of nearly 2000 feet of sheer rock, sur- 
mounted by about 500 feet of ice, from under which small 
streams of water issue, falling in silvery cascades on to the 
green bottom below. 

A ridge of high jagged peaks connects this spur with the 
main range of the Cascade Mts. in the east, and forms the wa- 
ter-shed between the White and Cowlitz rivers. From the 
connecting saddle one can look northward across the brink of 
six glaciers, which all contribute to the White river; of these 
the first four come from the triangular spur already mentioned 
and are of comparatively little extent. The first two are, how- 
ever, interesting from the vein structure which they exhibit ; 
they both originate in an irregularly oblong basin, having the 
shape somewhat of an inclined ellipse, turning on its longer 
diameter, the outlets of the glacier being opposite the foci. 
Seen from a high point the veins form concentric lines generally 
parallel to the sides of the basin; the ends of those towards the 
center gradually bend round, until they join together in the 
form of a figure 8, and finally just above the outlets form two 
small ellipses. They thus constantly preserve a direction at 
right angles to that of the pressure exerted, downward by the 
movement of the ice mass, and upward by the resistance to 
this movement of the rock mass between the two outlets. 

The main White River glacier, the grandest of the whole, 
pours straight down from the rim of the crater in a northeast- 
erly direction, and pushes its extremity farther out into the 
valley than any of the others. Its greatest width on the steep 
slope of the mountain must be four or five miles, narrowing 
toward its extremity to about a mile and a half; its length can 
be scarcely less than ten miles. The great eroding power of 
glacial ice is strikingly illustrated in this glacier, which seems 
to have cut down and carried away on the northeastern side of 
the mountain, fully a third of its mass. The thickness of rock 
cut away as shown by the walls on either side, and the isolated 
peak at the head of the triangular spur, in which the bedding of 
the successive flows of lava, forming the original mountain 
crust, is very regular and conformable, may be roughly es- 
timated at somewhat overa mile. Of the thickness of the ice 
of the glacier I have no data for making estimates, though it 
may probably be reckoned in thousands of feet. 


C. King—Glaciers on Mountains of the Pacific Slope. 165 


It has two principal medial moraines, which, where crossed by 
us, formed little mountain ridges having peaks nearly 100 feet 
high. The sources of these moraines are cliffs on the steeper 
mountain slope, which seem mere black specks in the great 
white field above: between these are great cascades, and below 
immense transverse crevasses, which we had no time or means to 
visit. The surface water flows in rills and brooks, on the 
lower portion of the glacier, and moulins are of frequent occur- 
rence. We visited one double moulin where two brooks poured 
into two circular wells, each about ten feet in diameter, joined to- 
gether at the surface but separated below: we could not ap- 
proach near enough the edge to see the bottom of either, but, 
as stones thrown in sent back no sound, judged they must be 
very deep. 

This glacier forks near the foot of the steeper mountain slope, 
and sends off a branch to the northward, which forms a large 
stream flowing down to join the main stream fifteen or twenty 
miles below. Looking down on this from a high over-hanging 
—, we could see, as it were, under our feet, a little lake of 

eep blue water, about an eighth of a mile in diameter, stand- 
ing in the brown gravel-covered ice of the end of the glacier. 
On the back of the rocky spur, which divides these two glaciers, 
a secondary glacier has scooped out a basin-shaped bed, and 
sends down an ice stream, having all the characteristics of a 
true glacier, but its ice disappears several miles above the 
mouths of the large glaciers on either side. Were nothin 
known of the movement of glaciers, an instance like this woul 
seem to afford sufficient evidence that such movement exists, 
and that gravity is the main motive power. From our northern 
and southern points we could trace the beds of several large 
glaciers to the west of us, whose upper and lower portions only 
were visible, the main body of the ice lying hidden by the 
high intervening spurs. 

Ten large glaciers observed by us, and at Jeast half as many 
more hidden by the mountain from our view, proceeding thus 
from an isolated peak, form a most remarkable system, and one 
worthy of a meiiel and detailed study. 


Respectfully yours, S. F. Emmons, 
Assistant Geologist. 


Crarence Kine, Esq., U.S. Geologist: 

Sir—During the past summer, under your instructions, I vis- 
ited Mount Hood, in the Cascade range of Oregon, accompa- 
nied by Mr. A. D. Wilson, Topographer of the survey, for the 
purpose of examining the geological and lithological character 
of the extinct volcano, and also for preparing an accurate topo- 
graphical map of the mountain and its vicinity, as far north as 
the Columbia river. 
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The study of the peak, and its long gently-inclined lava 
ridges, was replete with important facts, and observations bear- 
ing upon the nature and laws that governed the volcanic out- 
flows; but among the most interesting discoveries incident to 
the trip was the finding of existing glaciers upon the southern 
slope of the mountain. 

The summit of Mount Hood exposes upon the east, north, 
and northwest sides a bold, precipitous, jagged mass of rock, 
which forms the outer wall of the old crater, encircling it for 
three-fifths of the circumference. The remaining portion of 
the wall is wanting, the other two-fifths presenting a compara- 
tively even slope down to the timber-covered ridges below. 

The crater is nearly one-half a mile wide from east to west. 
The wall upon the inner side rises above the snow and ice fill- 
ing the basin some 450 feet, while upon the outer side it falls 
off abruptly for 2,000 feet. This rim of the crater is very nar- 
row ; in many places the crest is not more than two feet wide. 

Three distinct glaciers have their origin in this basin, each 
the source of a stream of considerable size; the glaciers of the 
White, the Sandy, and the Little Sandy rivers. 

The White river glacier heads on the eastern side of the cra- 
ter, and extends in a southeasterly direction. It is nearly a 
quarter of a mile wide at the head, and about two miles long, 
extending 500 feet below the line of timber-growth upon the 
sides of the mountain. 

Near the top of the crater a broad transverse crevasse cuts en- 
tirely across the glacier. Freshly fallen snow overhangs in pro- 
jecting banks, the perpendicular walls of ice, making it exceed- 
ingly dangerous to approach. At one point only, the fissure 
may be crossed by an ice bridge. Further down the slope of 
the glacier transverse crevasses are of frequent occurrence, run- 
ning nearly parallel with each other; most of them are, how- 
ever, quite narrow. One broad chasm presented clean, sharply 
cut vertical sides, for nearly 200 feet in depth, of clear deep 
blue ice. Marginal crevasses, ice caves and caverns occur; 
many of the latter are very beautiful and afford fine opportu- 
nities for the study of the laminated and veined structure of 
glacial ice. 

Very many of the phenomena attendant upon glaciers else- 
where may be observed here. The terminal and lateral 
moraines are well marked and extensive. Medial moraines, 
however, do not appear, because the glacier has no tributaries. 
Glacial grooving, glacial débris and boulders are quite charac- 
teristic. 

The glacier of Sandy river is separated from that of the 
White river, by a high bare ridge, standing boldly up above 
the ice and dividing the crater into two parts. The glacier 
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descends to the southwest. It is fed by the snow and ice of a 
somewhat larger area of country, and is considerably broader 
than the glacier of White river. In length they are about 
equal. 

"be immense amount of glacial débris must be annually car- 
ried down the stream, whose waters are heavily charged with 
fine light gray trachytic sand, brought down from above by this 
moving mass of ice. The character of the rock, a brittle, por- 
ous trachyte, is such, that under the wearing action of the gla- 
cier it would be easily eroded and ground to fine powder. The 
very extensive accumulations of sand-banks, which are con- 
stantly forming at the mouth of the stream, where it empties 
into the Columbia river, bear ample evidence of the fact. 

The Little Sandy river, a tributary of the main stream, with 
which it unites, a few miles below the base of the mountain, 
has its source in the third glacier, which is formed on the west- 
ern flank of the peak, separated from the Sandy by a high wall, 
a somewhat broken irregular ridge of trachyte, which extends 
along the southwest slope of the mountain. 

The upper portion or the névé of the glacier is inclined at 
quite a high angle, and is considerably fissured by broad deep 
crevasses. It has cut into the sides of the mountain a deep, 
narrow gorge with bare precipitous cliffs. The glacier and the 
valley of the Little Sauty are both quite narrow. 

One of the most marked geological and topographical features 
of Mount Hood and the vicinity is its very extensive system of 
extinct glaciers, which everywhere gouged out immense trough- 
shaped valleys, cutting down deeply into the earlier trachytic 
lava flows of the old volcano. The entire network of valleys 
were all connected with two main glaciers; that of Hood river 
on the north, and the Sandy on the south. The ancient White 
river glacier was undoubtedly very large; but, as far as my 
observations have yet worsen had no tributaries. 

Respectfully yours, 
ARNOLD HAGUE, Assistant Geologist. 


I propose, if my plans receive the sanction of my chief, 
General Humphreys, to include Mt. Baker, Mt. St. Helens and 
Mt. Adams and probably San Francisco Mountain, in this series 
of monographic surveys; if so, at the close of next summer we 
shall be in possession of a complete series of maps and studies 
. all the great isolated volcanic cones of the Western United 

tates. 
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ArT. XXV.—Contributions from the Laboratory of the Lawrence 
Scientific School. No. 18.—On some rocks and other dredgings 
from the Gulf Stream; by S. P. SHaRPLEs, S.B. 


SoME time ago Mr. Pourtales gave me for analysis some spe- 
cimens of bone, rock, and ooze obtained from the bed of the 
Gulf Stream between Florida and Cuba, while dredging under 
the direction of the Superintendent of the U. S. Coast Survey. 

The bone was a piece of the rib of the Manatee. For com- 

arison with this Mr. Pourtales obtained a piece of the same 

one from the skeleton in the Museum of the Boston Natural 
History Society. He also furnished me with a number of 
specimens of coral from the adjacent shores. 

The phosphoric acid was determined in every case, except 
that of the fresh bone, by means of ammonic molybdate. In 
the fresh bone it was determined by Rose’s method with mer- 
eury. Before treatment with the molybdate the specimen was 
in every case submitted to the action of the blast lamp for fif- 
teen or twenty minutes in a platinum crucible; by this means 
every trace of organic matter and carbonic dioxide was ex- 
pelled. 

The first analysis was that of the bone; it was dark colored 
and almost destitute of organic matter, but still showed distinct 
traces of fibrous structure. Its density was much greater than 
fresh bone and it had become very hard. It was from the 
dredging of May 9, 1868, in 106 fathoms. By the side of it is 
placed the analysis of the recent bone, which is also calculated 
as free from organic matter. 

Recent bone 

Old Bone. Recent Bone. free from organic. 
Sp. gr., 2°83 
Ca,P,0,, 62°40 92°79 
Fe, (P,0,), 7°60 
Ca Co,, 26°47 
SiO,, 34 
H,6 + organic, 2°67 

99°47 100°00 

The second specimen examined was a hard dark colored 
rock from the dredging of May 15, 1868, off Sand Key, Florida, 
in 100 fathoms. It was nearly free from organic matter. 

The third specimen was similar to No. 2, except that it con- 
tained more organic matter and was intermixed with broken 
shells and coral, and appeared to be of a more recent forma- 
tion. It came from the dredging of May 9th, 1868, 11th dredg- 
116 fathoms. 

o. 4 was a loose rock made up of fragments of corals and 


seemingly held together by calcic carbonate; it was nearly 
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white, contained but little organic matter and only a mere trace 
of iron; it was from the third dredging, May 1, 1868, in 183 
fathoms. The mud in external characteristics resembles the 
Atlantic ooze, but differed from that examined by Messrs. 
Forbes and Hunter in being almost destitute of silica and ferric 
oxide. The silica consists almost wholly of sponge spicules. 
8. 4. 

Sp. Gr., 2°79 2°61 

Ca CO,, 47°11 96°96 

Ca,P,0,, 13°15 1:20 

SiO,, 1-92 2°12 

Fe,0,, 20°23 

MgCO,, 1239 

H,O+organic, 1°46 5°89 


100°33 100°67 100°28 


The corals were examined mainly with reference to the 
amount of phosphoric acid that they contained. Silliman’s 
analyses, made in 1846, were as good, perhaps, as the state of 
the science allowed at that time. He seems though to have 
overlooked one fact in his experiments that Berzelius long ago 
pointed out, that tri-calcic phosphate is soluble to a considerable 
extent in neutral or alkaline solutions containing organic mat- 
ter. In order to confirm this fact I took a solution containing 
about ‘01 pr. ct. of glue and added to it some sodic phosphate 
and then calcic chloride in considerable excess and afterward 
ealcic hydrate to decided alkaline reaction. The filtrate from 
the precipitate formed was evaporated to dryness and then 
tested with magnesium wire after Bunsen’s method for phos- 
phorus; it gave a strong reaction. 

I also took about 100 grams of Madrepora palmata, treated it 
in the same way as Silliman did his specimens, with the excep- 
tion that it was put into the acid in a single piece, thereby 
avoiding any contamination from the mortar. The precipitate 
contained a large amount of organic matter, but on testing it for 
phosphoric acid, it was found to be almost free from it, while 
the coral treated in fresh state gave a strong reaction. 


CaCos CasP,0, H,0 


. 1, Oculina arbuscula, N. Car., 95°37 
‘ 2, Manicina areolata, Florida, 96°54 
8, Millepora alcicornis, “ 97°46 
4, Mudrepora palmata, 97°19 
5, Agaricia agaricites, 97°73 
6, Siderastrea radians, 97°30 
7, Madrepora cervicornis, 98°07 
8, Terebratula shells, 98°39 


100°04 
| 
| 
N "84 3°79 
‘50 2°96 | 
27 2°54 | 
‘ ‘78 2°81 
4 53 1°64 
' 28 2°42 
32 1°93 
61 1:00 
| 


170 ~=S&. P. Sharples on Dredgings from the Gulf Stream. 


My experiments failed to show more than the slighest traces 
of fluorine and I could only find silica in one or two instances 
and then in mere traces. There were also traces of iron and 
magnesia. 

The above analyses are interesting from several points of 
view. In the case of the bone we have first a replacement of 
tri-calcic phosphate by calcic carbonate. The total percentage 
of lime having diminished, while iron, which was present only 
in traces in the original bone, exists in considerable quantity. 

In regard to the replacement of the phosphate by carbonate 
one or two explanations may be offered. Calcic phosphate, as 
shown above, is soluble to a considerable extent in solutions of 
organic matter. This will account for the removal of part of 
that salt. Then again during the decomposition of the gelatine 
of the bone ammonic carbonate would be formed in consid- 
erable quantities. The cartilage of bone containing about 18 
per cent of nitrogen which would be equivalent to about 123 
per cent of ammonic carbonate, alkaline carbonates decompose 
calcic phosphate more or less completely ; they also precipitate 
calcic sulphate from solution; forming in both cases calcic 
carbonate. We should therefore have ammonic sulphate and 

hosphate going into solution while calcic carbonate would be 


e have now remaining only the oxide of iron to be 


accounted for; the silica being mostly in the insoluble state 
may be regarded as adventitious. It is a difficult matter in 
absence of any data concerning the amount of iron in the wa- 
ters or bottom of the Gulf Stream or Gulf of Mexico to do any 
thing more than offer a possible explanation of the presence of 
so large a quantity of this element. Very few of the analyses 
of sea water give more than a trace of iron. The waters of the 
open ocean are almost entirely free from it. But those of in- 
closed seas, such as the Black and Mediterranean, contain a con- 
siderable amount. It is also contained in river water, it being 
absent in but few of the analyses of such water that have been 
given. 

Now we have in the case of the Gulf of Mexico a sea that is 
for all practical purposes surrounded by land, and we have also 
large rivers carrying down in all probability great quantities of 
iron. This coming in contact with decomposing organic matter 
will be converted at first into carbonate and deposited ; it will 
then be slowly changed into sesquioxide. This is a change 
that, it is admitted, is slowly going on at the bottom of most 
ponds. 

The analysis No. 2, of rock gives an instance when this 
change has gone further, and the phosphoric acid has become 
much reduced in amount, both by the solvent action of the or- 
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ganic matter and ammonic carbonate and the further deposit of 
iron, increasing the weight and thus diminishing the percent- 
ages of the other components. 

Rock No. 3 is evidently composed in part of a rock like No. 
2, derived from bone and in part of fragments of shells and 
corals; these fragments, being almost destitute of phosphoric 
acid, aid in reducing the percentage. The iron seems to be the 
cementing material to a great extent in this case. 

No. 4 is more recent and consists almost entirely of decayed 
shells and corals. The magnesia in Nos. 2 and 8 is evidently 
derived from the sea water, 1t having replaced part of the lime. 

These specimens were selected from among a great number 
as being typical of the different deposits met with in the dredg- 
ing. These deposits may have a very near relationship to the 
bone beds of South Carolina In the first place I think they 
show that tendency of calcic phosphate is not toward con- 
centration, but in every case we find the more recent the bone 
or other material, the more abundant the phosphoric acid. 

Now in the case of the bone beds we have, leaving out the 
silica, a substance of almost the same composition as bone with 
the addition of a considerable amount of iron; or, in other 
words, a composition nearly approaching that of No. 2, with the 
exception that there is less carbonate of lime. 

The much larger amount of sand is accounted for by the na- 
ture of the surrounding coasts; in the case of the Gulf the 
shores are mostly of coral, while in South Carolina they are 
siliceous. We 5 have the bones of land and fresh water 
animals mixed in with these deposits in such a good state of 
preservation that they can be recognized, and occasionally we 
find the imprint of shells from the beds below which may have 
been exposed at some points. 

There is another characteristic described by C. U. Shepard, 
Jr.,* which applies equally well to the deposits from the Gulf 
He says the surface of the nodules is glazed over and pitted 
with numerous small holes; this would answer very well for 
a description of rock No. 2. 

Prof. C. U. Shepard’s, Sr.t theory of the concentration of 
calcic phosphate in a mineral by the gradual removal of calcic 
carbonate by solution in carbonic acid does not seem tenable in 
view of the fact that calcic phosphate is also soluble in carbonic 
acid. The large amount of alkaline carbonates that would also 
be formed during such a process must also decompose to a con- 
siderable extent the calcic phosphate. 

Cambridge, Dec. 1, 1870. 


* This Journal, II, vol. xlvii. ¢ This Journal, II, vol. xlvii, p. 338. 
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Art. XXVI.—Calorimetric Investigations ; by R. BUNSEN,* 


1. The Ice Calorimeter. 


THE calorimetric methods hitherto in use are attended with 
the disadvantage that proportionately large quantities of the 
calorimetric fluid, as well as of the substance under investiga- 
tion, must be employed, in order that the loss of heat which 
unavoidably attends the measurements may be so reduced that 
all corrections therefor may be small in comparison with the 
amount of heat to be measured. In the determination of 
specific heat, especially when the more exact of the methods 
ee in use are employed, satisfactory results can hardl 

e anticipated when the amount of material used in the experi- 
ments is less than from 10 to 40 grams. The preparation of 
the rarer substances, in a state of absolute purity, in such quan- 
tities often presents almost unsurmountable difficulties, and it 
is perhaps only on this account conceivable that we are not 
acquainted with the specific heats even of all the elements 
which have been isolated in a state of purity, although these 
determinations are of fundamental importance for the establish- 
ment of the atomic weights. 

The instrument described in the following pages is designed 
to aid in overcoming this disadvantage. It is based on the 
principle of measuring the amount of ice melted by the commu- 
nicated heat by means of the diminution in volume which this 
ice undergoes on melting. 

The instrument, fig. 1, which was made at the glass blower’s 
lamp, consists of an inner glass vessel, a, having the form of an 
ordinary test tube and melted into the cylindrical glass case 6. 
From this case 4 issues the glass tube c, to whose upper ex- 
tremity the iron head-piece dis cemented. The inner vessel a 
is filled from a to yu, the outer case b from f to A, with previ- 
ously boiled water; the remainder of the case } together with 
the tube c, is filled up to the height y with previously boiled 
mercury. In order to arrange the apparatus for use, a cylinder 
of ice enclosing the entire vessel a is produced in the case 3, 
the whole apparatus is then surrounded with snow in a large 
vessel, and the calibrated scale tube s, which has been cemented 
into the cork with fine sealing-wax, is screwed down through 
the mercury of the head-piece d very tight into the opening of 
the tube c, whereby the scale tube fills itself with mercury. In 
order that the pressing in of the stopper may be unattended 
with danger for the rather fragile apparatus, the instrument is 


* Translated for this Journal, with permission of the author, from Poggendorff’s 
Annalen der Physik und Chemie, Bd. CXLI, 8.1, by Dr. G. E. Moors, of San 
Francisco. 
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fastened on a heavy iron stand by means of a vice, whose jaws 
surround tightly the lower part of the iron head-piece d. 

The amount of heat which a body evolves in cooling from a 
given temperature to 0°C., is determined by dropping it into 
the water in the vessel a and thereupon closing the vessel at ¢ 
with a cork, to prevent any circulation of air. Ifthe problem 
be the relative measurements of quantities of heat, as in the 
determination of specific heats, then the standard of comparison 
is directly afforded by the number of scale-divisions which 
the mercury thread has passed on its retreat. If the readings 
are rendered in an absolute measure, as for instance, in grams of 
melted ice, or in units of heat, as the unit in the following pages, 
(always that quantity of heat being understood which one gram of 
water at 0° C. absorbs in order to raise its temperature to 1° C.), 
then it is only necessary to multiply the readings on the scale 
with a constant which results from the following consideration. 

A mercury thread measured in the scale tube, which has the 
temperature ¢° and occupies T divisions of the tube after being 
corrected by the calibration table, weighs g grams. Let further 
the specific gravity of mercury at 0° C. be So its coefficient of 
expansion @, then is the volume v of a corrected division on the 
scale, measured in cubic centimeters, 

_g9 
For the instrument which I uk the values were: 
g = 0°5326 a= 00001815 9° C. 
S, = 13°596 T = 5074 
and therefore 
v = 0°000077338 ae - - 

If the specific gravity of ice at 0° ©. be denoted by S,, the spe- 
cific gravity of water at the same temperature by S,,, the weight 
of melted ice expressed in grams, which corresponds to the 
volume v, that is, to one scale division with p, then is 


or 


With regard to the specific gravity of ice we have many obser- 
vations. The following comparison shows how little they agree 
among themselves. For §, 

Thomson found 0°920 Plicker and 0°920 

Heinrich, 0°905 Geissler, 

Osan, 0°927 Kopp, 0908 

Royer and Dumas, 0°950 Dufour, 0°922 (max.) 

Brunner, 0°918 Dufour, 0°914 (min.) 
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With so slight an agreement between these different observ- 
ers, it appeared to me indispensable to determine, with greater 
exactitude than has hitherto been possible, the value of 8, neces- 
sary for the calculation of the constant p. I employed for this 
purpose the following method, in which the sources of error 
which have made the previous determinations uncertain have 
been entirely avoided: Fig. 5 is a thick walled U-shaped tube, 
of difficultly fusible glass, “which has been drawn out at a toa 

thick walled point. This is filled with mercury to bd, and 
both limbs are well boiled out, as is done with barometers. 
The point a is provided with a small rubber tube through 
which, by means of alternate warming and cooling of the air in 
the limb'a b, distilled water, free from air, is allowed to enter 
above the mercury by 0. If this water be boiled for half an 
hour and the rubber tube ¢ be kept under the surface of water, 
which has likewise been kept in continual ebullition in a beaker 
glass, the space a 6 will, as soon as the boiling by 0 is discontin- 
ued, fill itself completely with perfectly airless water. The 
rubber tube ¢ is now closed under water by means of a small 
glass stopper and the point by a melted off, which may be easily 
and safely done with the ordinary non- Juminous gas flame, with- 
out the aid of the blowpipe, when the part of the tube where it 
begins to narrow out into the point is so strongly heated that it 
is filled with steam instead of water. If the apparatus has 
been weighed before filling with water, and after the filling be 
weighed again together with the dry point, the weight of the 
water contained in the instrument will be obtained. The open 
limb is now completely filled with boiled-out mercury and 
especially, in order to prevent the adhesion of air bubbles to 
the glass walls, through a long capillary glass tube. If the 
apparatus be exposed in the open air to a temperature below 
0° C., an ice tube, corresponding to the glass tube, will be 
formed which at last closes in different places, and still contains 
water surrounded with ice. By the freezing of these last por- 
tions of water the ice already formed is exposed to a very high 
pressure, which may very considerably alter its specific gravity, 
may in fact even burst the glass tube cighty-atmosphere strong. 
In order to remove this disadvantage and permit the ice forma- 
tion to take place, during its entire duration, under the same 
pressure, it is simply necessary to sink the whole instrument in 
sawdust and to expose only the upper part by a to air of a tem- 
perature below 0° C., after you have previously, in order to pre- 
vent the effects of abnormal lowering of the freezing point 
(Ueber-schruelzung), produced an ice mass by a, which is 
allowed to dwindle by melting to a small granule. The freez- 
ing then goes on very regularly from a downward to J and can 
be very conveniently regulated by letting the limb containing 
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the water project, according to requirement, more and more 
above the sawdust. The ice cylinder shows on its basis a very 
regular hemispherical cavity, which progresses unaltered until 
its edges touch the mercury by 4, and the last portions of water 
have been frozen from above downward. After the formation 
of ice is at an end, the instrument is still exposed some time to 
a temperature below 0° C. in order to freeze the last traces of 
water which exist by 6 between the mercury and the glass walls. 
The ice cylinder thus formed is perfectly free from air bubbles, 
and equals in clearness and transparency the finest crystal glass. 
The piece of apparatus designated in the figure with the letter 
B is now combined, by means of the cork e forcibly pressed in, 
with the open limb of the apparatus A in such a manner that 
not a trace of air is included between the cork and mercury, 
whereby the displaced mercury flows through the capillary tube 
f into the glass vessel, which is filled with mercury tog. The 


capillary tube is cemented with the finest sealing-wax into the 
smooth and perfectly poreless cork. To cement the cork like- 
wise on the wider tube in which it sits, would be wholly super- 
fluous, as a displacement is as little to be feared as an elastic 
effect afterward, as I have convinced myself by direct experi- 
ment. The instrument thus arranged is placed in a room hav- 
ing the greatest possible constancy of temperature, and is sur- 


rounded on all sides with a thick envelope of snow which has, 
at a temperature above 0° C., become completely coherent with- 
out at the same time becoming saturated with water. When, 
after 6 to 12 hours, the entire instrument has attained 0°C., 
the mercury vessel is removed from the cork A, weighed with 
the mercury it contains, and, after any mercury which may still 
adhere to the capillary tube, has been carefully removed, 
returned to its place. The apparatus is then removed from its 
envelope of snow, the ice it contains is melted by radiation 
from a non-luminous gas flame brought in its neighborhood, 
and it is permitted to attain as before in an envelope of snow, 
the temperature of 0°C. The mercury vessel is now removed 
and reweighed. The loss in weight, compared with the first 
weighing, is the weight of the mercury, whose volume calcula- 
ted for 0° C. expresses the diminution in volume which the ice 
cylinder at 0° C. has suffered in melting to water at the same 
temperature. 


Let G,, be the weight of the water frozen, 
G, the weight of mercury which entered the instrument 
during the melting of the ice, 
S. the specific gravity of water at 0°C., 
S, the specific gravity of mercury at 0°C., 
S, the specific gravity of ice at 0°C., 
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then is 


and therefore: 


On account of the great accuracy which the method just 
described permits, it appeared to me superfluous to make more 
than three experiments. In the first of these the water froze 
between —8°C. and —d°C., in the second between —1°C. and 
—8°C., in the third between 0°C. and —2°C. The following 
weights, reduced to vacuo, were obtained : 

G, = 141580 grams. 
1st expt. G, = 174400 “ 
* G, = 174624 “ 
8d“ G, = 174757 “ 

If we make further 
S. = 0:99988 S, = 1359600, 
then the resulting specific gravity of ice 8, will be: 


1st experiment, 091682 

0-91673 

3d 0-91667 
Mean of three expts., 091674 


We have therefore for the terms occurring in equation (2), 


the values: 
v = 0:00007733 S, = 0°91674 S, = 0°99988 
and thence 
P = 0:00085257. 
The weight of melted ice e which corresponds to T corrected 
divisions on the scale is therefore: 
e = 0°00085257 T 


Let the latent heat of melting, for water, be /, then will one 
scale division correspond to pl of the previously defined units 
of heat. For the amount of heat w, expressed in units of heat, 
which is indicated by T scale divisions, we have therefore, 


w= plT 


or, if the value 80-025, hereafter to be determined, be substi- 
tuted for J, 


w = 0:068227 T 
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As the ice cylinder which surrounds the vessel a weighs 
forty to fifty grams, and it is necessary, on the average, to melt 
by each experiment only about 0°35 grams of ice, which cor- 
responds to rather more than four hundred scale divisions, it is 
possible to make with the same ice cylinder as many as 100 dif- 
ferent calorimetric determinations and to use the apparatus, ar- 
ranged once for all, for weeks at a time, when care has been 
taken that the snow which surrounds the instrument be morning 
and evening renewed by refilling. 

The ice cylinder may be easily produced by a contrivance 
which is rendered intelligible by fig. 2: A is a sheet tin vessel 
containing alcohol, B an empty one, both of which are cooled 
to about —20°C. in a freezing mixture of salt and snow. C 
represents the inner vessel a fig. 1, around which the ice cylin- 
der is to be produced. If suction be applied to the tube a, the 
cooled alcohol of the vessel A will be carried through the ves- 
sel C into the vessel B; if suction be then applied in the oppo- 
site direction by means of the tube 0, the alcohol will return 
through the vessel C into the vessel A. By alternate suction 
at a and db, the vessel C may be kept to the height a as.long 
as desired at a temperature of —10° C. to —15°C., by means of 
continually renewed cooled alcohol, and the required ice envel- 
ope will be produced in the water mass surrounding the vessel 
C which is denoted in fig. 1 by & I have given this ice-pro- 
ducing apparatus the form, fig. 3. The two semi-cylindrical tin 
vessels a and 6, which communicate with one another and with 
the tube a by means of tubes above and below, correspond to 
the single vessel A fig. 2, the precisely similar tin vessels oppo- 
site these, the outer one of which is denoted by c, correspond 
to the vessel B in fig. 2. These two vessels, each consisting of 
two concentric chambers, together with the tube a, possess, as 
may be seen, a very large cooling surface, and are sunk in one 
and the same freezing mixture. The arrangement of the sys- 
tem of tubes, fig. 3, by means of which the circulation of the 
cooled alcohol is effected, is rendered easy of comprehension, 
from the fact that the corresponding rubber tubes are designated 
by the same letters as in fig. 2. The alternate suction to and 
fro of the alcohol is regulated by the alternating cock H, which 
communicates with the water air-pump by means of the rubber 
tube w. When this cock is in the one position the rubber tube 
gq communicates with the suction tube w, the tube p however 
with the atmosphere; in the other position the order is reversed, 
the suction tube w communicates with the rubber tube p, and 
q with the outer air. By means of this contrivance, the pro- 
duction of the ice cylinder becomes a very simple operation. 
The cooling apparatus with its attached rubber tubes is placed 
in the freezing mixture, p and g are connected with the alter- 
nating cock H, w with the water air-pump, the rubber stopper 
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with its tubes m and n is sunk by C in the inner vessel of the 
instrument, and finally the tubes m and n are placed on the cor- 
responding glass tubes of the cooling apparatus. If now, after 
the cock of the water air-pump has been opened, the alterna- 
ting cock be turned alternately back and forth, the cooled alcohol 
stream may be allowed to operate as long as you please in pro- 
ducing the ice cylinder. The formation of the latter in the ap- 
paratus, which stands quite free in the room, may be beautifully 
observed with the naked eye or through the telescope, and pre- 
sents not uninteresting peculiarities. The temperature of the 
perfectly airless water in the outer vessel 8, fig. 1, sinks gradu- 
ally, without freezing taking place, until far below 0°C., while 
the vessel covers itself externally with an ice crust from the 
precipitated moisture of the atmosphere; even strong agitation 
is insufficient to put a stop to this abnormal fluidity. When 
the temperature has finally sunk very low, a sudden formation 
of ice takes place, which propagates itself in a few seconds 
from A to uw. The whole vessel is filled down to this limit with 
milky turbid leaves and needles of ice, the water mass from yu 
to the mercury surface # is on the contrary unfrozen. Now 
begins, under continued cooling, the first formation of the ice 
cylinder, which is allowed to increase until its walls have 
attained a thickness of about 6 to 10™". That part of the very 
regularly formed ice crust which lies below y appears perfectly 
amorphous, clear and transparent as the purest crystal glass ; 
the portion above yu reaching to A appears turbid and of a tex- 
ture not dissimilar to the confused coarse-fibrous, after the 
instrument has stood several days ready for use at 0°C. in the 
snow this coarse-fibrous texture changes entirely. The ice 
mass between A and » consists now of small rounded transpa- 
rent prains of spherical habitus; if, after long use, the instru- 
ment be exposed to the temperature of the room, the individual 
spheres melt off on their surfaces, detach themselves thereby 
from the adjacent mass, and rise in the fluid; they then appear 
at times connected with one another like the cells of yeast. 
[To be continued.] 


Art. XX VIL—On the Porcelain rock of China; by Baron von 
RICHTHOFEN.—From a letter to Prof. J. D. WHITNEY, dated 
Shanghai, Nov. 17, 1869. 


I HAVE recently made a very pleasant trip of six weeks, going 
up the Yang-tse to Kinkiang, then into Poyang lake. _ I visited 
some places on its eastern affluents, among them the famous 
King-te-chin, where the Chinese have made nearly all their 
porcelain for almost three thousand years. I examined the 
places from which they take the material, crossed over into 
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An-hwei and Che-Kiang, and descended the Tsien-tang river 
to Hang-chan, whence I returned to Shanghai. This is proba- 
bly one of the prettiest countries in China. The hills are over- 
grown with that prolific vegetation of Azaleas, Rhododendrons, 
Weigelia and numberless other kinds of low shrubbery which, 
on account of their beautiful flowers, justify the appellation of 
the “Flowery Kingdom,” at least for this portion of China. 

Its geology is rather monotonous, but by no means devoid of 
interest. Hardly anything is to be seen of the limestones other- 
wise so prevalent in China. On the eastern slope, sandstones 
occupy the field almost exclusively. They are folded up to 
high mountain ranges. Next to them in bulk are porphyries 
(both quartzose porphyry and porphyrite). The greater portion 
of the sandstones was certainly, the rest probably, deposited 
in and after the period of the eruption of the porphyric rocks. 
I cannot undertake to make an estimate of their stupendous 
ageregate thickness. Yet, they are surpassed in this respect 
by a formation on which they are superposed in the neighbor- 
hood of the watershed. It consists of clayslates, with sand- 
stones occasionally imbedded ; the whole formation stands on 
edge and preserves a W.S.W. to E.N.E. strike with remarkable 
regularity, the strata dipping at angles of 70 to 80 degrees 
alternately N.N.W and S.8.E. During a journey of about one 
hundred and thirty miles, going from S.S.W. to N.N.E., or at 
an angle of about 45 degrees with the strike of the rocks, I 
traversed no other formation but those same slates, standing on 
edge. This was on the western slope of the range. I have to 
record the unexpected fact, that the material from which the 

rocelain of King-te-chin is made is taken from certain strata 
intercalated between these slates, and occurring at several places, 
separated from each other laterally, that is, at angles with the 
strike of the rocks. It is a rock of the hardness of feldspar 
(inferior kinds are not so hard), and of a green color, which gives 
it in some measure the appearance of jade, to which the Chinese, 
too, compare it. This rock is reduced, by stamping, to a white 
powder, of which the finest portion is ingeniously and repeat- 
edly separated. This is then moulded into small bricks. The 
Chinese distinguish chiefly two kinds of this material. Either 
of them is sold in King-te-chin in the shape of bricks, and as 
either is a white earth, they offer no visible differences. = 
are made at different places, in the manner described, by pound- 
ing hard rock, but the aspect of the rock is nearly alike in both 
cases, For one of these two kinds of material, the place Kao- 
ling (“high ridge,”) was in ancient times in high repute; and, 
though it has lost its prestige since centuries, the Chinese still 
designate by the name “ Kao-ling,” the kind of earth which 
was formerly derived from there, but is now prepared in other 
places. The application of the name, by Berzelius, to por- 
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celain earth was made on the erroneous supposition, that the 
white earth which he received from a mnie of one of the 
embassies (I think, Lord Amherst) occurred naturally in this 
state. The second kind of material bears the name Pe-tun-tse 
(“white clay”). I have quite a cargo of both, and of the rocks 
from which either is prepared. Their examination in the lab- 
oratory may be a subject of some interest. 

Near Poyang lake, the edges of these King-te-chin schists are 
overlain by coal-bearing strata, which are almost undisturbed. 
The locality (Loping) is the first in China which has become of 
practical value to foreign enterprise; it supplies the greater 
— of the coal used by the American steamers on the 

ang-tse. I found nota single fossil plant; but certain layers 
of limestone which overlie the coal carry an abundance of 
fossil shells, almost exclusively Brachiopods, in an excellent 
state of preservation. Though I could collect only on the 
waste-dumps at the pits, I gathered a large number both of 
specimens and species. As for beauty, the collection ranks 
first among ail I ae made in China. The fauna differs from 
those which I found formerly associated with the coal-measures 
in the northern provinces ; but as I have no paleontologist to 
consult with, nor even paleontological books, I do not under- 
take to say what relation in age it bears to those other coal- 
fields. Productus prevails in number. But the former leading 
fossil, P. semireticulatus, is here represented only by a few and 
small, though very distinct, specimens. Its place is occupied 
by other Producti with spirous shells, of which there are several 
species ; some of them of the shape of P. horridus, but costate. 
Spirijers are very scarce. There is one Cyrtia, several Orthis, 
etc. But the most curious fossil is one which can only be a 
Stphonotreta. The natural shell has the shape of a night cap, 
with an opercule on the top, but no area, and is dotted with 
what appear to be the basal parts of spines; the folds are irreg- 
ular. The dorsal shell issmooth. Both shells are of a horney 
substance. Crinoids, Orthoceras, small Porcellias, corals and 
sponges make up the list of the prevailing fossils. 

I believe that the comparison of the various faunas which I 
have collected in different coal-fields will afford much of interest. 
No two of them are alike, yet all bear a certain resemblance in 
a few leading types. I have not yet found any locality that 
afforded an opportunity for collecting fossils at different geolo- 
gical levels. But every new observation supports my former 
conclusion, that in the vast extent of China the depositions 
of coal-beds continued during an extraordinarily long period, 
in which it shifted repeatedly to different portions of the 
country. I have some reason for believing that this period 
commenced even before the Carboniferous epoch, and, though 
culminating in this, continued on beyond its end. 
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Art. XX VIII.—WNotes on Granitic Rocks ; by T. SterRY Hunt, 
LL.D., F.R.S. Srconp Part. 


(Read before the American Association for the Advancement of Science at Troy, 
August 20, 1870.) 
(Continued from page 89.) 

CoNTENTS OF SEcTIONS.—§ !6, Granitie veins of Maine; Brunswick; § 17, Tops- 
ham, Paris; § 18, Westbrook, Lewist.n; crystalline limestones; § 19, Danville, 
Ketchum; $20, Denuded granitic masses: § 21, Banded veins; Biddeford, 
Sher! rooke; § 22, V«ins at various New England localities; § 23, Mineral spe- 
cies of the-e veius; $24, Veins in erupted granites; $25, Geodes in granites; 
§ 26, Veins disti i ingt uished from dykes; § 27, Volger and Fournet on the origin 
of veins; $28, 29, Certain fissures and ge:des distinguished from veins o} ening 
to the surface; r 30, 31, Temperatures of crystullization of granitic minerals. 


§ 16. Iv is in the series of micaceous schists with interstrati- 
fied gneisses (§ 6) which I have elsewhere provisionally desig- 
nated the Terranovan series,* that I have seen concretionary 
granitic veins in the greatest abundance and on the grandest 
scale. This stratified system, which is well seen in the White 
Mountains, appears to extend southward to Long Island Sound 
and northeastward beyond the limits of Maine. It is in this 
state that I have particularly — the granitic veinstones of 
this system, whose history may be illus trated by a few exam- 
ples from notes taken on the y oe In Brunswick the strata 
near the town are fine-grained, friable, dark colored, micaceous 
and hornblendic, passing into mica-schist on the one hand, and 
into well-marked gneiss on the other, and dipping to the S.E. at 
angles of from 15° to 40°. Very similar beds are found in the 
adjoining town of Topsham, and in both places they include 
numerous endogenous granitic veins. The course of these is 
generally N.W., or at right angles to the strike, though occa- 
sionally for short distances with the strike, and intercalated 
between the beds; the veins vary in breadth from a few inches 
to sixty feet, and even more. ‘They generally consist in great 
part of orthoclase and quartz, with some mica and tourmaline, 
and offer in the associations and grouping of these minerals 
many peculiarities, which are met with not only in different 
veins, but in different parts of the same vein. In some cases, 
colorless vitreous quartz predominates greatly, and encloses crys- 
tals of milk-white orthoclase, often modified, and from one to 
several inches in diameter. At other times pure vitreous 
quartz forms one or both walls or the center of the vein, or else 
is arranged in bands parallel with the sides of the vein, and 
sometimes a foot or more in thickness, alternating with similar 

* This Journal, July, 1870, page 83. The rocks of this White Mountain series 
are, in the present state of our knowledge. supposed to he newer than the Huro- 


nian system noticed in § 5, to which. with Macf:rlane and Credner, I refer the crys- 
talline schists with associated serpentines aud diorites of the Green Mountains. 
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bands consisting wholly or in great part of orthoclase, or of an 
admixture of this mineral with quartz, having the peculiar 
structure of what is called graphic granite, or else presenting a 
finely granitoid mixture of the two minerals, with little or no 
mica, and with small crystals of deep red garnet. Prisms of 
black tourmaline are also met with in these veins, and more 
rarely beryl and even chrysoberyl. In the rock-cutting on the 
Lewiston railroad, just below Topsham bridge over the Andros- 
cogyin, there is a fine exhibition of these veins, which present al- 
ternate coarser and finer grained layers, traversed by long spear- 
shaped crystals of dark mica passing from one layer to another. 

§ 17. A remarkable example of a vein of considerable dimen- 
sions is seen in the feldspar-quarry in Topsham, which occurs in 
a dark fine-grained friable micaceous schist. At the time of 
my visit, in 1869, the limits of the vein were not seen, though 
large quantities of white orthoclase and of vitreous quartz had 
already been extracted. These were each nearly pure, and in 
alternate bands, the quartz presenting drusy cavities lined with 
remarkable tabular crystals. One band was made up in great 
part of large crystals of mica, and portions of the vein consisted 
of a granular saccharoidal feldspar. The famous locality of 
red, green and blue tourmalines, with beryl, lepidolite, ambly- 
gonite, cassiterite, etc., at Mount Mica in Paris, is a huge gran- 
itic vein, which, with many others, is included in a dark col- 
ored very micaceous gneiss. 

§ 18. In Westbrook numerous small veins of this kind, hold- 
ing coarsely lamellar orthoclase with black tourmaline and red 
varnet, intersect strata of fine-grained whitish granitoid gneiss. 
In Windham the dark colored staurolite-bearing mica-schist of 
this series is traversed by a granitic vein holding crystals of 
beryl. In Lewiston a large vein of coarse graphic granite, hold- 
ing black tourmaline, and showing fine-grained bands, cuts a 
great mass of bluish gneissoid limestone, which forms an escarp- 
ment near the railroad, about half a mile below the town. 
This limestone, which dips eastward about 15°, is interlamina- 
ted with thin quartzite beds, which are seen on weathered sur- 
faces to be much contorted. The bluish crystalline limestone 
is mixed with grains of greenish pyroxene, and includes nodu- 
lar granitic masses of white crystalline orthoclase with quartz, 
enclosing large plates of graphite, crystals of hornblende, and 
more rarely of apatite. These associations of minerals are met 
with in the granitic veins of the Laurentian limestones, to be 
noticed elsewhere. The limestone of Lewiston, however, 
appears to be included in the great mica-schist series of the 
region, where similar beds, though less in extent, are met with 
in various places, sometimes associated with pyroxene, garnet, 
idocrase and sphene. A thin band of impure pyroxenic lime- 
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stone, like that of Lewiston, occurs with the mica-schists on the 
Maine Central Railroad, near Danville Junction, and beds of a 
purer crystalline limestone were formerly quarried in the south- 
east part of Brunswick, where they are interstratified with thin- 
bedded dark hornblendic and micaceous gneiss, dipping S.E. at 
a high angle. 

§19. At Danville Junction strata of hornblendic and mica- 
ceous gneiss, passing into mica-schists, dip N.E. at moderate 
angles, and include huge veins of endogenous granite. Two of 
these appear in the hill just south of the railroad station, appar- 
ently running with the strike of the beds. They are seen to 
rest upon the mica-schist, and in one of them a mass of this 
rock, three feet in width, is enclosed like a tongue in the gran- 
ite, which has a transverse breadth of about sev enty-five feet. 
Notwithstanding the apparent intercalation of these granitic 
masses the proof of their foreign origin is evident in a trans- 
verse fracture and slight vertical dislocation of the mica-schists 
around the broken edges of which the granite is seen to wrap. 
The endogenous character of this granite is well shown by its 
banded structure; belts of white quartz some inches wide alter- 
nate with others of coarsely cleavable orthoclase, while other 
portions hold black tourmalines and garnets of considerable size. 

The evidence of disturbance of the strata in connection 
with these endogenous granites is seen on a large scale at the 
falls of the Sunday River in Ketchum. These mica-schists and 
gneisses, similar to those already noticed, enclose great masses of 
endogenous granite, which are seen to be transverse to the 
strata. On one side of such a mass more than sixty feet wide, 
the schistose strata are twisted from their regular N.E. strike to 
the N.W., and so enclosed in the granite as to appear as if inter- 
stratified with it for short distances. The banded structure of 
the transverse granite veins is here very marked. Some por- 
tions present cleavage-planes of orthoclase six inches in diame- 
ter; other parts, which are less coarse, abound in mica. Simi- 
lar banded granite veins abound in the adjoining towns of 
Newry and North Bethel, and sometimes present. layers of 
quartz six inches or more in thickness, besides large cry stals of 
mica, and more rarely apatite. These veins are often irregular 
in shape and bulging at intervals, and they sometimes run -par- 
tially across the beds, which seem to have been distended and 
disturbed, a fact which was also observed in the thin-bedded 
schists in contact with some of the veins in Brunswick, and is 
apparently due to the expansive force of crystallization, as 
noticed in § 27. 

§20. The locality already described at Danville offers an 
instructive example of a phenomenon often met with in the 
region now under consideration, where granitic masses, resist- 
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ing the actions which have degraded the soft enclosing schists, 
stand out in relief on the surface, and seem to constitute the 
rock of the country. A careful search will however show that 
they are simply veins or endogenous masses of very limited 
dimensions, rising from out of the mica- -schists, which are often 
concealed by the soil. This is well seen about the lower falls 
of the Presumpscott near Portland, where the mica-schists with 
some fine-grained gneisses, dipping S.E. at angles of from 380° 
to 40°, enclosé large numbers of granitic veins, which, though 
sometimes but a few inches in breadth, often measure twenty or 
even fifty feet, and are usually very coarse-grained, with w hite 
mica, black tourmaline, and more rarely beryl. They are some- 
times transverse to the stratification, but more often parallel, 
and, rising above the svil, are very conspicuous. 

§ 21. We have already noticed the exotic granites of Bidde- 
ford, which are intruded among fine-grained bluish or grayish 
silicious strata. These latter are traversed by numerous veins 
of endogenous granite, which are very unlike in aspect to the 
intrusive rock. One of these veins near Saco Pool, has a diam- 
eter of about an inch and a half, and presents on either wall a 
layer of yellowish crystalline feldspar about one-fourth of an 
inch in thickness, which includes long plates of dark brown 
mica. These penetrate the central portion of the vein, which is 
a broadly crystalline bluish orthoclase, enclosing small portions 
of quartz after the manner of a graphic granite. The yellow- 
ish and less coarsely crystalline feldspar with its accompanying 
mica, had evidently lined the walls of the vein while the cen- 
ter yet remained open, and had moreover entirely filled a small 
lateral branch. The same conditions are seen in the filling of 
other veins in this vicinity, which are often much larger, and 
present upon their walls bands of an inch or two of the yellow- 
ish feldspar with mica. 

The successive filling of a granitic vein is still more clearly 
shown in a specimen from Sherbrooke, Nova Scotia, which I 
owe to the kindness of Prof. H. Y. Hind. The vein, which is 
seen to be transverse to the adherent fine-grained mica-schist, 
has a breadth of nearly four inches, about two-thirds of which is 
symmetrical, and is included between two layers, perpendicular 
to the walls, consisting of a fine-grained mixture of white feld- 
spar and quartz, each about one-fourth of an inch thick, and 
marked by subordinate zones, more or less quartzose. Within 
these two bands is a coarser aggregate, consisting of two feld- 
spars, with some quartz and muscovite, plates of which, and 
crystals of pink orthoclase penetrate an irregular layer of 
smoky quartz varying from one-eighth to one-half an inch in 
diameter. This fills the center of the symmetrical portion of 
the vein, on one side of which is the mica-schist, while the other 


186 T. S. Hunt—Notes on Granitic Rocks. 


is bounded by a band of more than half an inch of fine-grained 
granite with yellowish-green mica, presenting larger crystals of 
feldspar near the outer margin, where it is succ eeded by a layer 
of pure smoky vitreous quartz of about the same thickness, 
whose outer surface, against the wall, shows irregular bosses or 
nodular masses, the depressions between which are occupied by 
a finely granular micaceous aggregate unlike any other part of 
the vein in texture. This description may be read in connec- 
tion with the remarks in § 27. 

Dana has described and figured a similar granitic vein, banded 
with quartz, observed by him at Valparaiso in Chili, (Manual of 
Geology, 1862, p. 713),* and has moreover maintained that such 
granitic veins, like ordinary metalliferous lodes, are clearly con- 
cretionary in their origin, and have been filled by slow and sue- 
cessive deposits from aqueous solutions. His testimony to the 
view which I have advocated in this oe had been overlooked 
by me, or it would have been noticed in § 12. 

§ 22. The numerous granitic veins so tr known to mineral- 
ogists in the mica-schists and gneisses of New Hampshire, Mas- 
sachusetts and Connecticut, including among other familiar 
localities, Grafton, Acworth, Royalston, Norwich, Goshen, Ches- 
terfield, Middletown and Haddam, seem from descriptions and 
from their mineral constituents to be similar to those of Maine, 
already mentioned. With the exception of Royalston however 
these localities are as yet only known to me from specimens and 
descriptions. It is noteworthy that at this last the finely-crys- 
tallized beryls are directly imbedded in vitreous quartz, and the 
same is the case with the blue and green tourmalines of Goshen. 
A remarkable example of a vein of this character occurs in 
Buckfield, Maine, described to me by Prof: Brush, where large 
isolated crystals of white orthoclase, nearly colorless muscovite 
and brown tourmaline occur in a vein of Vitreous quartz, At 
Paris and at Hebron, Maine, tourmalines are found penetrating 
crystals of quartz. The flattened tourmalines and garnets 
found in muscovite at several localities in New England, are 

well known to collectors, and a curious example of enclosure 
has been observed by Prof. Brush at Hebron, where crystals of 
muscovite are encased in lepidolite. 

§ 23. The following list includes the principal mineral spe- 
cies found in these granitic veins in New England: apatite, 
amblygonite, triphylline, autunite, yttrocerite, orthoclase, albite, 
oligoclase, spodumene, iolite, muscovite, biotite, lepidolite, 
cookeite, chlorite, chlorophyllite, garnet, epidote, ‘tourmaline, 
beryl, zircon, quartz, chrysobery], automolite, cassiterite, rutile, 
brookite, uraninite, columbite, pyrochlore, scheelite and bismu- 
tite. As Iam not aware that chlorite has hitherto been men- 


* From his Exploring Expedition, Report on the Geology, 1849, p. 570. 
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tioned as a constituent of these veins, it may be said that it 
occurs in one at Albany, Maine. To the above should proba- 
bly be added the rare species nepheline, cancrinite and sodalite, 
which have long been known in boulders of a granite-like rock 
in Maine. According to information given me by Prof. Brush, 
green elzolite with white orthoclase and black biotite occurs in 
a granitic vein twenty feet in breadth, lately observed in the 
northwest part of Litchfield, Maine. 

§ 24. We have seen that these endogenous veins are found 
alike in the gneisses, mica-sciists, limestones and quartzose 
strata of this region. They are also met with in the eruptive 
granites, small “fissures in which are sometimes filled with 
coarsely crystalline orthoclase, smoky quartz, various micas and 
zircon. Examples of this are seen in the granites of Hamp- 
stead, New Brunswick and Mt. Uniacke, Nova Scotia. ‘The 
fine green feldspar of Cape Ann, Mass., and the micas, cryo- 
phyllite and lepidomelane with zircon, described by Prof. Cooke, 
from the same region, occur in veins in the hornblendic eranites 
of that locality. “Small veins cutting a somewhat similar rock 
at Marblehead, contain crystallized green epidote with white 
quartz and red orthoclase. 

§ 25. The veins which we have described are frequently of 
very limited extent, and seem to occupy short and irregular fis- 
sures, while in other cases the mineral ageregates which char- 
acterize them occur in nests or geodes. This is seen near Fall 
Brook in the Nerepis » valley in New Brunswick, where the red 
micaceous granite is in one part very friable, and presents irreg- 
ular geode-like cavities, sometimes several ‘inches in dis ameter, 
which are partially filled by radiating prisms of black tourma- 
line, accompanied with quartz and albite crystals, and more 
rarely small octahedrons of purple fluorine. The enclosing gran- 
ite is composed of deep ad orthoclase, with small portions of 
a white triclinic feldspar, smoky quartz and black mica. The 
conditions seen at this place recall the description of the famous 
locality of feldspars, etc., at Fariolo near Baveno in Northern 
Italy. The rock, described as a granite, resembles, in a speci- 
men before me, some of the intrusive granites of New Bruns- 
wick, and contains a pink and a white feldspar, with a little 
black mica. It includes veins of graphic granite, and also sphe- 
roidal masses, which differ in texture from the mass of the rock 
and present geodes of considerable size, lined with fine large 
red and white crystals of orthoclase, accompanied by albite, epi- 
dote, quartz, fluorine and a greenish mica (or chlorite) all of 
which, according to Fournet, are so mingled and interlocked as 
to show that they are of contemporaneous origin. To these are 
to be added, as occurring in the geodes, prehnite, calcite, hya- 
lite and specular i iron. The orthoclase crystals often have adher- 
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ing to their opposite faces crystalline plates of albite, which are 
larger than the planes to which they are attached. The crys- 
tals of orthoclase moreover frequently present hollowed-out or 
hopper-shaped faces, which Fournet happily describes as result- 
ing from the forming of the frame-work or skeleton of the erys- 
tals, when the material was not sufficient for their completion. 
A process analogous to this is often seen in crystallization, 
whether from fusion, solution or vaporous condensation, giving 
rise in some cases to external depressions and in others to inter- 
nal cavities in the resulting crystals. Fournet ascribes the for- 
mation of the geodes of the granite of Fariolo to a process of 
shrinking and a subsequent segregation filling the resulting cav- 
ities, in which he is forced to recognize the intervention of 
water, though by no means admitting the aqueous origin of 
veins, since he holds even those of quartz to have been formed 
by igneous injection. ((éologie Lyonnaise, *278). 

§.26. When we consider the cause which has produced the 
fissures in the mica-schists and gneisses of New England, which 
hold the granitic veins already described, it is to be remarked 
that their comparative abundance, their shortness and their 
irregularity distinguish them from the fissures which are filled 
with eruptive rocks. Examples of the latter may be seen near 
Danville, Maine, where dykes of fine-grained dolerite are pos- 
terior to the endogenous granitic veins here occurring in the 
mica-schist. These dykes may be supposed to be dependent 
upon movements in the earth’s crust opening deep fissures 
which connected with some softened rock far below. Through 
such openings were extravasated the exotic rocks, whether gran- 
ites or dolerites,—more or less homogeneous mixtures, often 
widely different in composition from the encasing rocks. The 
endogenous veins, on the contrary, are distinguished not only 
by their more or less heterogeneous and often banded structure, 
but by the fact that their principal constituents are the mineral 
species most common in the adjacent strata. 

§ 27. Volger has attributed the formation of the openings 
containing concretionary veins to the force of crystallization, 
which is shown to be very great in the congelation of water 
and the crystallizing of salts in cavities and fissures. Such a 
process once commenced in an opening in a rock would, he con- 
ceived, be sufficient to make still wider the fissure, which might 
be fed by fresh solutions passing by capillarity through the 
pores of the rock. If this process were to become concentra- 
ted around several points, the intermediate space might be so 
opened that free crystallization could go on, resulting in the 
production of geodes in veins thus formed. 

Fournet, on the other hand, suggests that contraction in the 
cooling of erupted granites gave origin to the fissures and 
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geodes now filled or partially filled with crystalline minerals at 
Fariolo, and we may readily suppose that a process of contrac- 
tion attendant upon the crystalline aggregation of the materials 
of sedimentary strata, would give rise to rifts or fissures therein. 
The lesions thus produced in the solid rocks become more or 
less completely repaired, if we may so speak, by an effusion of 
mineral matter from the walls, and thus are generated geodes, 
irregular masses and many veins. That the process imagined 
by Volger may in some cases intervene, and may act subse- 
quently to the one just imagined, is highly probable, though 
we are disposed to assign it but a secondary place in the pro- 
duction of vein-fissures. It offers however the most plausible 
explanation of the distortion of the thin-bedded strata already 
noticed in connection with some of the concretionary granitic 
veins of Maine, which seem by a — of growth to have 
bent outward the adjacent beds. ‘I'he vertical transverse veins 
are, in many cases at least, unsymmetrical, as if they had grown 
from one side, while the distortion of the beds, sometimes at- 
tended by irregular concretions in the banded veinstone, appears 
at the opposite wall. The notion that the vein-fissures opened 
as crystallization advanced has been defended by Griiner. 

§ 28. It is not here the place to discuss how far the greater 
and deeper fissures of the earth are dependent upon the con- 
traction of sediments, as just explained, or upon the wider 


spread movements of the earth’s crust, though even of these it 
may be said that they are more or less directly the results of a 
process of contraction. It should however be noted that while 
some fissures of this kind are filled with dykes of erupted 
rocks (§ 26), others hold concretionary veins, which are to be 
distinguished from the class of veins just described, inasmuch 
as the openings in which they were a sited evidently com- 


municated with the surface of the earth. Examples of these 
are seen in the lead and zinc-bearing veins with calcite and bary- 
tine, which traverse vertically the Carboniferous limestone in 
England, and enclose in their central portions material of lias- 
sic age, abounding in the remains of a marine and a fresh-water 
fauna, which shows these veins to have been deposited in fis- 
sures communicating with the surface-waters of the liassic 
period. For a description of these veins by Mr. Charles Moore, 
see the Report of the British Association, for 1869, and this 
Journal, II, 1, 365. Similar evidence is afforded by the exist- 
ence of rounded pebbles imbedded in veins, as observed in 
Bohemia, and also in Cornwall, where numerous pebbles both of 
slate and quartz were found at a depth of six hundred feet in a 
lode, cemented by tinstone and sulphuret of copper. (Lyell, 
Student’s Elements of Geology, p. 593). Not less instructive in 
this connection are the observations of Mr. J. A. Phillips, on the 
Am. Jour. Sc1.—Tuirp Senrtes, Vou. I, No, 3.— Marca, 1871. 
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silicious veinstones now in process of formation in open fissures 
in Nevada. (L. E. and D. Phil. Mag. (4), xxxvi, 821, 422, and this 
Jour., II, xlvii, 138). Wecannot doubt that the ancient, like these 
modern veins, have been channels for the discharge of subter- 
ranean mineral waters, and it would seem that while the depo- 
sition of the incrusting materials on the walls of the fissure is 
in part due to cooling, and in part perhaps to the infiltration, in 
some cases, of precipitants from lateral sources, it is chiefly to 
be ascribed to the reduction of solvent power consequent upon 
the diminution of pressure as the waters rise nearer to the sur- 
face. This conclusion, deducible from the researches of Sorby 
on the relation of pressure to solubility, I have pointed out in 
the Geological Magazine for February, 1868, p. 57. See also 
this Journal, II, 1, 27. 

§29. There is evidently a distinction to be drawn between 
veins which have been open channels and the segregated masses 
and geodes formed in cavities which appear to have been every- 
where limited by the enclosing rock. In the former case, a free 
circulation of the mineral solution would prevail, while in the 
latter there could be no renewal of it except by percolation or 
diffusion through the rock. A comparison between the contents 
of geodes and fissure-veins, whether in granitic rocks or in fossil- 
iferous limestones, will however show that these differences do 
not sensibly affect the mineral constitution of the deposits. 

§ 30. The range of conditions under which the same mineral 
species may be formed is apparently very great. Sorby, from 
his investigations of the fluid-cavities of crystals, concludes 
that the quartz which occurs with cassiterite, mica and feldspar 
in the granitic veins of Cornwall, must have crystallized at tem- 
peratures from 200° to 340° Centigrade, and under great pres- 
sure, conditions which we can hardly suppose to have presided 
over the production of the crystallized quartz found in the unal- 
tered tertiaries of the Paris basin, or the auriferous conglome- 
rates of California. In like manner beryl, though a common 
mineral of the tin-bearing granite veins, like those studied by 
Sorby, occurs at the famous emerald mine of Muso in New Gre- 
nada, in veins in a black bituminous limestone, holding ammo- 
nites, and of Neocomian age, its accompaniments being calcite, 
quartz and carbonate of lanthanum (parisite). Small crystals 
of emerald are disseminated through this argillaceous some- 
what magnesian limestone, which contains moreover a small 
amount of glucina in a condition soluble in acids. (Lewy, Ann. 
de Ch. et Phys., liii, 1-26, and Fournet, Geol. Iyonnaise, 455). 

§ 31. To these we may add the production of various hydra- 
ted crystallized silicates, including apophyllite, harmotome and 
chabazite, during the historic period in the masonry of the old 
Roman baths at Plombiéres and Luxeuil, and by the action of 
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waters at temperatures of from 46° to 70° Centigrade ; the pres- 
ence of apophyllite, natrolite and stilbite in the lacustrine ter- 
tiary limestones of Auvergne; apophyllite incrusting fossil 
wood, and chabazite crystals lining shells in a recent deposit in 
Iceland. The association of such hydrated silicates with ortho- 
clase, as already noticed ($13) and as described by Scheerer, 
where natrolite and orthoclase envelop each other, showing 
their contemporaneous formation, with many other facts of a 
similar kind, lead to the conjecture that orthoclase, like beryl 
and quartz, and perhaps some other constituents of granitic 
veins, may have on i in many cases at temperatures much 
lower than those determined by Sorby, and that the conditions 
of their production include a contbenhie range of tempera- 
ture, a conclusion which is, however, probably true to some 
extent, of zeolites also. 

It is proposed to continue the subject of granitic veins, and 
in a third part of this paper to give some facts in the history of 
the veinstones of Laurentian rocks. 

[To be continued.] 


Art. XXTX.—On the Geology of the Eastern Uintah Mountains ; 
by Professor O. C. Marsu, of Yale College. 


OnE of the Expeditions in the Rocky Mountain region, made 
by the Yale College Scientific party during the past season, had 
for its special object the study of the vertebrate remains of the 
Tertiary deposits known to exist in the Green River Valley, but 
never carefully examined. During this investigation, while 
endeavoring to reach the junction of the Green and White 
Rivers, in Utah, the party passed along the base of the Eastern 
Uintah Mountains, as well as over portions of the range; and 
as nearly all of this region was entirely unexplored, it is desira- 
ble to note its more important geological features. 

The route pursued by our party on this expedition was from 
Fort Bridger, in Wyoming, southeast by way of Henry’s Fork 
to the Green River; thence down the eastern side of the river 
to the great bend near the mouth of the Vermilion. Then 
crossing to the western side, and passing over the eastern spurs 
and foothills of the Uintah Mountains, we proceeded southward 
to the mouth of the White River. After continuing up this 
stream for about twenty miles, we returned directly to the Green 
River, then proceeded to Fort Uintah, and from there struck 
northward over the Uintah range to Henry’s Fork, and back to 
Fort Bridger by our former route. As the country traversed is 
entirely impassable for wagons, and it was only with considera- 
ble difficulty that a way for our pack-animals could be found, 
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our geological observations were necessarily confined mainly to 
the immediate route pursued, and even then, in the limited time 
at our command, could not be systematically conducted. The 
region passed over, however, proved to be one of the most 
interesting fields for geological research yet discovered in this 
country, and hence the results obtained, although fragmentary, 
will add something to the previous knowledge of Rocky Moun- 
tain structure. 

Fort Bridger, in Wyoming, from which the Yale party started 
on their expedition in September last, is situated at the northern 
base of the Uintah Mountains, about 7000 feet above the sea. 
The surrounding plain is part of a great basin of denudation, 
washed out of light-colored clays and soft sandstones of Tertiary 
age, the deposits in one of the great fresh-water lakes, that re- 
pe the Cretaceous sea from which the mass of the Rocky 

ountains emerged. Remnants of the strata removed may be 
seen at various points around ; some in the shape of flat, isolated 
buttes, and others forming benches, resting horizontally against 
the sides of the mountains. These fragments serve to show the 
great original thickness of this lake deposit, which cannot, ap- 
parently, have been less than 1500 feet, and may have been much 
greater. A few miles to the southeast, these soft strata have 
still further escaped denudation, and are weathered out into 
fantastic, conical forms, resembling those of the “ Mauvaises 
Terres” formation of Nebraska and Dakota. These bluffs are 
known in this region as the “ Grizzly Buttes,” and through them 
lay our route to the Green River. 

A careful examination of this “Bad Land” district soon in- 
dicated that a fossil, vertebrate fauna of peculiar interest was 
here entombed; one apparently older and quite distinct from 
that preserved in the great Miocene lake-basin east of the Rocky 
Mountains, which we had recently explored. In the latter de- 
posit, the remains of ruminating mammals were especially nu- 
merous, while the entire absence of fishes, and of reptiles, with 
the exception of a single species of tortoise, was a well marked 
feature. Here, however, reptilian life had evidently been abun- 
dant, and was represented by all its principal forms. Crocodil- 
ians, tortoises, lizards, serpents, and fishes had swarmed in the 
waters of this tropical lake; while’ Tapiroid mammals, with 
many smaller Pe had lived near its borders. Their 
remains had long been weathering out of the “Grizzly Buttes,” 
which offered so inviting a field, that we devoted a fortnight to 
their exploration, and were rewarded by the discovery of a 
large number of extinct vertebrates new to science, which will 
be described by the writer at an early day. 

Proceeding eastward along Cottonwood Creek, and over the 
divide to Henry’s Fork, we found the same Tertiary deposits on 
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either side, still — horizontal, and in places beautifully 
variegated by layers of light green clays, alternating with others 
of various shades of brown. In addition to the numerous ver- 
tebrate remains, a few fresh-water mollusca were observed, espe- 
cially on Henry’s Fork, the more common being Planorbis spec- 
tabilis Meek, abundant in some of the harder layers, and Helix 
altispira Meek. Farther down the stream, and about fifteen 
miles from its mouth, several seams of lignite were noticed on the 
right bank. In the intervening shale were some thin layers of 
black hornstone, and others containing great numbers of shells, 
principally Unios and Melanias. One of the latter was appar- 
ently identical with the species described by Professor Hall in 
Fremont’s Report (page 308), as Cerithiwm tenerum, which, how- 
ever, with its associate fossils, is clearly a fresh-water type. 
A few feet under the lignite, were layers of shale full of Oypris, 
with here and there cycloidal fish-scales and coprolites. 

A few miles below, a red sandstone dipping slightly to the 
N.W. makes its appearance on the left bank, beneath the light- 
colored Tertiary deposits, and farther down, curves upward into 
a sharp ridge, of highly inclined strata, through which the 
stream has obliquely cut its way. On the southern side, these 
beds form a wall of sandstone, nearly perpendicular, resem- 
bling strongly the famous “ Teu/els Mauer” in the Hartz. This 
ridge, one of the typical foot-hills of the Uintah range, makes 
a sigmoid curve along the base of the mountains, from which 
its strata dip away at various angles. The different colored 
sandstones which compose it are evidently of Mesozoic age, 
and probably Cretaceous, as they have below them, farther 
down the stream, calcareous beds containing undoubted Jurassic 
fossils. These are in turn underlaid by sandstones, which are 
probably Triassic, and these again by well marked Carboniferous 
strata, near the junction of Henry’s Fork with the Green River. 

At this point the Green River leaves the great Tertiary basin 
which it drains for 200 miles or more, and cuts through the 
eastern Uintah Mountains by a succession of narrow caiions, 
with walls of older rocks, whose exact age can be determined 
only by a systematic study. In continuing our course down 
the east side of the river, we passed over several high ridges, 
composed mainly of hard reddish sandstones and quartzites, 
more or less metamorphosed, and apparently without fossils. 
The general inclination of these beds, which are of great thick- 
ness, was to the N.E., or away from the Uintah mountain nu- 
cleus, but the dip varied greatly at different points. Ripple- 
marks and oblique lamination showed them to be shallow water 
deposits, and a subsequent examination of apparently a portion 
of the same series, on the western side of the river, rendered it 
probable that a part of them at least are of Silurian age. 
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On reaching “ Brown's Hole,” a narrow valley about thirty 
miles in length, through which the river flows, a series of more 
recent beds was met with, that are well developed to the south- 
ward, where they have played an important part in shaping the 
present topography of the country. These strata, which are 
several hundred feet in thickness, lie nearly horizontal, and are 
mainly composed of conglomerates, and very soft, white, friable 
sandstones, which at some localities pass into thinly laminated, 
calcareous shales. At one point on the right bank of the river, 
a thin seam of lignite was observed in the white sandstone, and 
about ten miles below, in a high bluff on the opposite side, some 
of the calcareous layers had all the physical characters of white 
chalk, although apparently without the same organic structure. 
As no fossils were detected in these beds, except some obscure 
remains of plants, their exact age is a matter of some doubt. 
That they are Tertiary, however, is rendered probable by the 
fact that, farther down the river, they are seen to rest uncon- 
formably on the upturned edges of Cretaceous rocks. 

Finding it impossible to proceed with our pack-animals down 
the river on the east side, we crossed just above the mouth of 
the Vermilion, and proceeded in a southwesterly course, by a 
difficult pass, over the eastern extension of the Uintahs. In as- 
cending the mountains from the river we first found a great de- 
velopment of red and purple grits and sandstones, apparently 
the same as those seen on the eastern side above, but here dip- 
ping about 15° to the S.W. Above these strata, and perhaps 
ten miles to the south, we passed over a series of bright red, 
thickly bedded sandstones, having the same general inclination, 
and at least 1000 feet in thickness. In these beds, also, no fos- 
sils were detected during the hasty examination we were obliged 
to make. Resting conformably on this sandstone, was a bed of 
gray, siliceous limestone, at least 100 feet in thickness, which 
formed the summits of several of the smaller elevations between 
the main Uintah range and the Green River, and by its denuda- 
tion had strewn the region to the southward with its waterworn 
fragments. This rock, fortunately, contained a few fossils, the 
most characteristic of which were specimens of Productus, Spir- 
yer cameratus Morton, Athyris subtilita Hall, Hemipronites cras- 
sus M. and H., a species of Zaphrentis, apparently Z. Stansburyi 
Hall, with fragments of Fenestella and Phillipsia. These remains 
clearly indicate the Carboniferous age of the limestone, and, in- 
directly, throw considerable light on the strata beneath it. 

Continuing our journey southward, for fifteen miles or more 
across an elevated plateau, we came suddenly to the overhang- 
ing edge of a great basin, which afforded a most striking illus- 
tration of the vast amount of erosion to which this region has 
been subjected since the mountains attained their present eleva- 
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tion. From the base of the Uintahs, as far south as the eye 
could reach, the soft beds of the more recent formations had 
been washed away to a depth of one or two thousand feet, leav- 
ing at the bottom of the great depression the bare, upturned 
edges of the variegated Mesozoic strata on which they had 
rested. The flanks of the adjacent mountains were gashed by 
deep cafions leading into the basin, showing the source from 
which the denuding agent came. Our course lay through this 
basin, and descending with great difficulty by an obscure Indian 
trail, we passed on, through dry cafions and over steep interven- 
ing ridges to Brush Creek, a small stream which now helps to 
drain this region into the Green River. The rim of this great 
basin where we descended was composed of nearly horizontal 
beds of conglomerate, underlaid by light colored clays and sand- 
stones, resting unconformably on the edges of an extensive series 
of red and yellow sandstones and shales, which dip to the south 
away from the mountains, but in places have been much curved 
and folded. The upper, horizontal beds, apparently Tertiary 
deposits, were evidently identical with those observed on the 
Green River at “Brown’s Hole;” and that valley, as weil as this 
lower basin, owes its present size, if not its origin, to the readi- 
ness with which these strata are eroded. 

Near Brush Creek, and about six miles from Green River, a 
seam of bituminous coal was discovered in the side of a dry 
gorge, which cuts through a high ridge of sandstones and 
shales. This seam was about a foot in thickness, and indica- 
tions of others were seen at various points in the basin. The 
strata containing the coal where first seen dip about 65° to the 
north, and form part of a denuded anticlinal. The weatherin 
of the thickly bedded sandstone above the coal had a a 
huge concretionary masses, some of them fifteen feet in diam- 
eter, which projected from the cliff, or had fallen into the ravine 
below. As the age of the coal deposits of the Rocky Mountain 
region has of late been much discussed, a careful examination 
was made of the series of strata containing the present bed, and 
their Cretaceous age established beyond a doubt. In a stratum 
of yellow calcareous shale which overlies the coal series con- 
formably, a thin layer was found full of Ostrea congesta Conrad, 
a typical Cretaceous fossil; and just above, a new and very in- 
teresting crinoid, allied apparently to the Marsupites of the Eng- 
lish Chalk. In the shales directly below the coal bed, cycloidal 
fish scales and coprolites were abundant; and lower down, re- 
mains of Turtles of Cretaceous types, and teeth of a Dinosaurian 
reptile, resembling those of Megalosaurus, were also discovered. 

After passing out of the deeper portion of this basin on our 
way southward, and proceeding about ten miles beyond a small 
stream, which on the Government maps is called Ashley’s Fork, 


196 0. C. Marsh—Geology of the Uintah Mountains. 


we crossed a second great depression leading into the Green 
River Valley. This had been washed out, to a depth of 300 
feet or more, in a series of nearly horizontal strata, composed 
of red shales, sandstones, and conglomerates. In some of the 
beds there were layers of ash-colored clays, and in these a few 
mammalian and tortoise bones were found, which indicated 
clearly the Tertiary age of the deposit. The same beds were 
seen the next day, near one of the branches of the North Uintah 
River, dipping about 5° to the N.W., and having beneath them 
a series of chocolate and ash-colored clays, which, rising gradu- 
ally, attain a great development farther to the S.E., and form 
the remarkable Tertiary bluffs along the the Green and White 
Rivers, which it was our special object to investigate. 

Crossing the Green River a few miles above the mouth of the 
Uintah, we passed eastward to the White River, over an elevated 
plateau, which was washed out along its sides into the true 
“*Mauvaises Terres” form of conical buttes, beautifully varie- 
gated with alternating chocolate, green, and ash-colored layers. 
An examination of these deposits soon showed that they con- 
tained many vertebrate fossils, which were weathering out of the 
cliffs on every side. Farther up the White River, these remains 
were more numerous, and large collections were obtained, in- 
cluding many species of Tertiary mammals, reptiles, and fishes, 
some of which were undescribed. Tortoises were especially 
abundant, and at one locality no less than eleven of them were 
seen from one point of view. These various remains proved to be 
almost all identical with those we had found north of the Uin- 
tah Mountains, near Fort Bridger, and hence indicated plainly 
the synchronism of the two deposits. The great difference in ele- 
vation, however, and the character of the intervening region, 
render it more than probable that they belong to distinct lake- 
basins, connected in the same system of drainage. To distin- 
guish this ancient lake-region from the Green River Tertiary- 
basin north of the mountains, the former may appropriately be 
called the Uintah basin. The stream which connected the two, 
however, did not flow through the present Green River Valley ; 
although the tongue of Tertiary strata extending up into 
“Brown’s Hole” would seem to point to that depression for a 
probable inlet from the north. 

After exploring the region near the White River for twenty 
miles or more, and finding the variegated Tertiary clays replaced 
by hard sandstones and grits of a lower horizon, we turned back, 
and proceeded by a nearly N.W. course across the Green River 
to Fort Uintah. Here we procured an Indian guide, who led 
us nearly N.E. over the mountains by an extremely difficult 
route. On this journey we first passed over an extensive series 
of shales and sandstones of various shades of red,—a color 
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which predominates in nearly all the strata of the Uintah Moun- 
tains. These beds are evidently of Mesozoic age, and incline 
20° to 45° to the southward. At one or two points, large masses 
of white compact gypsum were noticed in the sandstones. The 
oldest rocks pwd were hard gray and purple sandstones and 
quartzites, extending to the bottom of the deepest cajions, and 
apparently forming the central mass of the Uintah range, in 
place of the granitic nucleus, which gives to the eastern Rocky 
Mountains and the Sierra Nevadas their most marked character. 

While descending the northern slope of the mountains toward 
the great Tertiary basin of the Green River, which lay in the 
distance, 2000 feet below us, we passed over a high ridge, from 
the summit of which appeared one of the most striking and 
instructive views of geological structure to be seen in any 
country. Sweeping in gentle curves around the base of the 
mountains, from near where we stood, many miles to the north- 
ward, was a descending series of concentric, wave-like ridges, 
formed of the upturned edges of different colored strata, which 
dipped successively away from the Uintahs; those nearest to 
us, 40° or more, those at a distance, seemingly but little,—alto- 
gether a scene never to be forgotten. Apparently we had be- 
fore us a geological series from the Palseozoic to the Tertiary, 
but to study it step by step, as we strongly wished, our limited 
time forbade, and reluctantly we hurried on our journey. Our 
Indian guide led us across a very deep mountain gorge, called 
by the hunters of this region “Sheep Creek Cafion,” through 
which a small stream flows eastward into the Green River. The 
sides of this gorge, where we crossed it, about ten miles above 
its mouth, are composed of light colored shales, and yellowish, 
friable sandstones, highly inclined, and towering into precipitous 
cliffs, some of them nearly 1000 feet in height. 

In ascending the northern bank, through a narrow and almost 
impassable side ravine, we passed over a bed of light gray 
limestone, about thirty feet in thickness, which rested conform- 
ably on the sandstones below, and was inclined to the N.W. at 
an angle of 25°. This limestone contained an abundance of 
fossils of characteristic types, that at once established its Juras- 
sic age. Among the most interesting of these were two species 
of Trigonia, one of Camptonectes, a Volsella, a small Ostrea, a 
Neritella, resembling N. Nebrascensis M. and H., an Acteonina, 
and a Chemnitzia,—nearly all undescribed,—with specimens of 
Pentacrinus asteriscus M. and H. The right humerus of a small 
Crocodilian was found in the same stratum. Resting immedi- 
ately on this fossiliferous limestone, was a series of red and gray 
shales, with intercalated sandstone layers, perhaps in all 150 
feet in thickness. In the red beds, white gypsum was abundant, 
in the form of fibrous seams, and especially in interstratified 
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layers, several of which were one or two feet, and one nearly 
six feet, in thickness,—a deposit of much scientific interest, 
particularly in view of its bearings on the origin of gypsum. 
Next above this series came a bed of yellow sandstone, about 
35 feet thick ; then 100 feet or more of red and gray shales; and 
over all, near the head of the cajion, at least 40 feet of yellow 
and gray sandstone. In the upper part of these beds, Belemnites 
densus M. and H., and a small species of Rhynchonella were abun- 
dant. The whole series is undoubtedly Jurassic, and probably 
the best development of the formation yet found in this country. 

From this point, we proceeded directly to Henry’s Fork, and 
thence westward, up the stream. Re-examining on our way 
the “ Mauvaises Terres” deposits, we found additional evidence 
of their early Tertiary age, the lowest beds of the series being 
evidently Eocene, and resting on the Cretaceous, unconformably. 
Continuing our journey along our previous route, we arrived 
safely, after an absence of six weeks, at Fort Bridger. 

To Major R. S. LaMotte, in command of this Post, and his 
associate officers, including Lieut. W. N. Wann, who had charge 
of our escort, our best thanks are returned for valuable assist- 
ance, and many kind attentions. Our grateful acknowledg- 
ments are likewise due to Hon. W. A. Carter, and Dr. J. V. A. 
Carter, residents at the Fort, for important information in regard 
to the surrounding country, and generous hospitalities. 

Yale College, January 20th, 1871. 


ART. XXX.—On the System of the Batrachia Anura of the Brit- 
ish Museum Vatalogue; by HE. D. Cope. 


UnTIL 1858 the Batrachia Anura was a group of animals to 
which but little attention had been turned, and for which no 
detailed system based on any general investigations, had been 
proposed. It was, therefore, a considerable addition to knowl- 
edge when the catalogue of the British Museum appeared in 
that year, and nearly doubled the number of species already 
known, and arranged them in a system which went into some 
detail of structure. This detail was, however, almost entirely 
with reference to external characters. This fact is sufficient to 
excite question as to the coincidence of the system adopted, 
with that of nature, and a full examination into the general 
anatomy of the order, has answered such question unfavorably 
to it in a very decided manner.* But as authors who have sub- 
sequently written do not seem to be at all aware of the demerits 
of this system, it is proposed here to point out some of them. 


* See the writer on the classification of Batrachia Anura, Nat. History Review, 
1865, and Jour. Acad. Nat. Sci. Phila., 1866-67. 
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In the first place the order Anura is divided into three sub- 
orders, the Aglossa without tongue, the Opisthoglossa with 
tongue free behind, and the Proteroglossa, with the tongue free 
in front. The first group is natural, having been already 
established by Wagler and Duméril; while the value of the 
character used to distinguish between the two last is not more 
than generic at most. Several genera possess the peculiarity of 
the “ Proteroglossa,” which in this system are placed among the 
Opisthoglossa, while the general affinities of the genus Rhino- 
phrynus, the only one of this supposed suborder, are clearly 
shown by its structure to be those of the family Bufonide or the 
toads, on a very slight examination. 

The division of Aglossa is supposed by our author to be rep- 
resented by two series, Haplosiphona and Diplosiphona, the first 
including the previously known representatives of the order, 
the last, the genus Myobatrachus Schlegel. Now this last, as I 
proved by examination of the type specimen at Leyden in 1868, 
is a dried example of Chelydobatrachus Gouldii ; an Australian 
Bufonid, with the tongue shrunken away by drying.* 

If we now turn to his primary division Opisthoglossa, its 
principal groups are based on one of the most subordinate char- 
acters in the order, viz: the Oxydactyla and Platydactyla, on 
the presence and absence of the digital dilatations on the ends 
of the last phalanges; in other words, tree and terrestrial 
frogs. As all subsequent writers have repudiated these groups, 
I will pass them with the remark, that the author’s reasons for 
establishing them,—that the characters are so important in the 
life history of the species—are abundantly sufficient for suspect- 
ing their value. 

The further subdivision of these groups is based on a variety 
of characters, some of importance, having been introduced by 
Miiller and Gray, and others newly introduced of very little 
value. The manner in which they are used is remarkable, and 
contrary to what would be expected from an examination of 
the relations of other animals. That is, the characters are 
treated as of equal importance in all cases, producing a kind of 
dichotomous system, each group being equal and similar to 
others, and presenting none of that successional relation which 
we know so well characterizes nature's groups. The unfa- 
vorable impression is strengthened by a further examination 
into the structure, and the system is found to be little better 
than if it had been based, dictionary-fashion, on the first letters 
of their names. 

If we mix thoroughly Giinther’s groups of tree-frogs and 
not tree-frogs, as the subdividing characters used by him are the 
same in each, a criticism of the latter will cover both. 


* This error is perhaps not due to the author of the catalogue, as he has seen no 
specimens. 
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The presence and absence of maxilliary teeth is an important 
character, much more so than the conditions of the digital 
dilatations,—though the esteem in which I formerly held it has 
been much diminished by the discovery of the genera Coloste- 
thus Cope and Hupemphix Steindachner. Their presence or 
absence, together with the perfection or imperfection of the ear, 
as to tympanum, vestibule and eustachian tubes gives our au- 
thor occasion for dividing each of his series dichotomously into 
four groups—or three, in the case of the tree-frogs, since the 
diagnosis of one of them has no answering group in nature. 
But the presence or absence of the different parts of the au- 
ditory apparatus is a character of far less importance than is 
here assigned to it. The two nearly allied genera Scaphiopus 
and Pelobates are separated into two different primary divisions 
by it, the last to be associated with the Bombinator and the first 
with Aly ytes and Helioporus, two genera quite remote in affini- 
ties, as well as from the most widely separated regions of the 
earth. Thus Helioporus is Australian, Alytes European, and Sca- 
phiopus American, and each has sundry allies in its own country, 
with which it should be arranged. Other most remotely allied 
genera are assqciated because of agreement in the structure of 
the ear. Thus Discoglossus is placed in the group Ranina, 
though it represents the family of all others in the Batrachia 
anura, the most remote from the Ranids, and which includes 
beyond a shadow of doubt the genus Bombinator which Giin- 
ther makes not only the type of a different family, but of a dis- 
tinct primary series, his Bombinatorina. Many other instances 
of the same want of appreciation of natural affinities might be 
adduced here, but I pass to the toothless or Bufonoid series. 
Here we find Phryniscid genera separated from their true allies 
the Engystomidx, while the latter are placed with much. re- 
moter relatives the Bufonide, merely because a lesser grade of 
imperfection of the auditory organs characterizes them. 

To come to the characters used to distinguish the families, 
the same window-pane arrangement prevails. Those employed 
are the presence or absence of parotoid glands, of palmation of 
the toes, and of dilated or non-dilated sacral diapophysis. The 
latter character, noted by Bibron and Gray, is of family value, 
and the only one of the above to be so estimated. The palmation 
of the toes is only a generic feature, hardly that in some cases. 
As this is now agreed to by all good herpetologists, I give it 
no further notice. The presence or absence of parotoid glands 
is quiet as worthless in this connection. Thus Scylopis venu- 
losus has or has not an immense “ parotoid” covering the head 
and back indifferently, as both Steindachner and myself have 
observed independently. Alytes and Bombinator, two European 
genera of Discoglosside little known to our author, but most 
closely allied, have, the one a small parotoid, the other little 
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separated collections of eH: over the dorsal region, and are 
hence placed in different families by Giinther. Schismaderma 
of South Africa is a true Bufo without parotoids, and Paludi- 
cola another member of the true Bufonide differs from Bufo 
in this respect, as Bombinator does from Alytes. Calamiita, a 
genus of Hylide from the Australian region embraces two 
species, C. cyanea Daud. and C. dolichopsis Cope. The first of 
these has a large glandular mass on the scapular and even 
cranial regions (and as such the type of a peculiar family of 
Giinther, his Pelodryadidz) while the second has no glandular 
enlargements whatever ; yet Giinther (Zoological Record, 1868) 
states that they are mere varieties of one species. 

To go over all the families in detail, would be unnecessary, 
as published works have already corrected them. Suffice it to 
say, that of the fifteen into which the non-tree-frogs are divided, 
but eight appear by their names to represent natural families, 
though in character not one of them has a good foundation. 
Of the nine into which the tree-frogs are divided, but two coin- 
cide in extent with modern families, and none in characters. 
One of the latter embraces but one genus, and is called the Hy- 
laplesiide, though as Peters has shown by autopsy, the Hyla- 
plesia of Boie is a Bufonid, probably a true Bufo. The number 
of families and subfamilies which might have been constructed 
on such bases as the above, on genera discovered since the 
publication of this catalogue, would be considerable, but natu- 
ralists have, with one exception* not availed themselves of the 
privilege. 

If we examine the genera of this system the extent of the 
work of reformation already marked out, becomes more appar- 
ent. Thus in his Ranide, of thirteen genera, but five belong 
with Rana, and one of these, Heteroglossa, would be a Polype- 
datid according to Giinther’s system. Another, Stenorhynchus 
natalensis Smith, was subsequently redescribed as the type of a 
new genus and species (Phrynobatrachus Natalensis) by the direc- 
tor, although generically undistinguishable from another genus 
of the same author, Dicroglossus. The Cystignathide contains 
nothing but members of that family, or rather relations of Cys- 
tignathus, but is a mere fragment compared with the cohorts 
that really belong to it. The greater part of all the remaining 
families of tooth-bearing series belong to it, whether tree-frogs 
ornot. The genus Plectromantis Peters, with small digital en- 
largements on the fingers only, should be placed here, as it is 
very near to, if at all distinct from the type genus Cystignathus. 
The great extent of this family is paralleled by other Neotropi- 
cal forms, as the Formicari:da, the Tyrannide, Characinide, 
Chromidide,, ete. 


* Mivart, Proc. Zool. Soc. London, 1869, 280. The writer in one or two instan- 
ces did the same. 
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As to the “ Discoglossids,” fragments of four families are 
represented by its five genera, one of which immediately fol- 
lows, viz: the Asterophrydide. In the “ Brachycephalide ” 
there are placed three genera, Pseudophryne, a true Bufonid, 
and scarcely distinguishable from the genus Epidalea Cope, 
which embraces the old Bufo calamita of Europe; second, Bra- 
chycephalus, which is near Phryniscus and belongs to the Phry- 
niscide ; and third, Hemisus, which is nearer by much to 
Engystoma, but probably forms the type of a distinct sub- 
order? 

It is not necessary to examine the genera further, but I turn 
to the species, where it is proper to express more favorable 
views. ‘Thus science owes to Dr. Giinther a debt of gratitude 
for the collections, in his British Museum catalogues, of con- 
venient diagnoses of species, with references to many works 
and authors not accessible to all. His books thus become 
manuals, and indispensable as the last compilation of an ex- 
tensive and scattered literature. But it is not only as a com- 
piler that his works are valuable. His usual conscientious- 
hess in attempting the accurate discrimination of species is 
most praiseworthy, though we cannot help thinking that his 
estimate of the value of species is sometimes a little interfered 
with by national and personal predjudices. English, French, 
and American authors fare the worst at his hands, and we 
freely admit that in the latter case his criticisms are often 
deserved, so far as they relate to some of the naturalists of 
a generation or two ago. These will, however, compare favor- 
ably with those who commenced the work in Europe, as 
Klein, Merrem, Laurenti, Shaw, etc. His countrymen do 
not, however, escape, and Wagler comes in for the charge of 
having described, after the much and unjustly criticised work 
of Spix, “a badly-figured specimen of Ceratophrys ornata’* as 
a new genus, Hemiphractus. Now Hemiphractus is one of the 
most remarkable and distinct genera of Arciferous Anura of 
South America, the type of a peculiar family, and Spix’s figure 
represents the type species very well. Prof Peters first re- 
stored the genus. 

A serious drawback to the merits of the species work, not 
only of this, but of Dr. Giinther’s ichthyological works, is his 
tendency to ignore species.t This view approaches those ex- 
ressed by Prof. Schlegel in the field of ornithology. Thus 
viatinet species are continually united, and even good genera 
are not unfrequently found involved in the undigested mass. 
This probably results from the very poor opportunities of 
studying the Reptilia and Fishes enjoyed by the author, except 

* One of the Cystignathide. 

I do not allude to his “ doubtful-species” which he puts to one side as too 
briefly described, often very justly. 
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in an alcoholic condition ; for the European, of all the faune, is 
the most poorly provided with these forms of life. The North 
American, one of the best provided in these respects, is almost 
unknown to Dr. Giinther, for it is unfortunate for American 
students that his works in respect to our fauna are of less value 
than in any other department. It must, however, be added, 
that some of the older American authors in this field have been 
quite as bad in another direction, and in respect to furnishing 
well contrasted specific diagnoses, exceedingly derelict. This 
has been especially apparent in those who indulge in the ex- 
ecrable practice of publishing preliminary descriptions to ‘“se- 
cure priority.” This, unless reduced to a system of analytic 
keys, is nothing but a hindrance to science, and results in 
warning all students off the ground but the writer, an object 
which it is safe to presume, he generally has in view. 

The system then, presented by the Catalogue of the Batrachia 
Salientia (Anura), is a phenomenon in the history of our sci- 
ence, and is to my mind one of the least successful of the 
attempts of skin-zoology to interpret nature. That I intended 
my remark made on a former occasion,* that it was a “‘complete 
and practically useful system,” in a euphemistic, if not a pick- 
wickian sense, would, I should think, be sufficiently obvious to 
any who should compare my system with.it. But it is neither 
euphemistic nor pickwickian for subsequent authors to follow 
me in abolishing nearly all its leading features and in newly 
defining all the groups, and then to declare that they adopt 
Giinther’s system with a few modifications introduced by me. 

In accordance with Giinther’s system, he was compelled to 
conclude that the Anura do not display any of the remarkable 
geographical relations exhibited by other groups of animals, 
but are rather varied in relation to latitude. , This conclusion 
I have shown to be most erroneous, and that the Anura of all 
groups, represent the wonderful faunal relations of geographical 
areas in the strongest light,—in a way not less distinct than any 
known order of animals or plants. 

As opposed to these viele results, we have the position, 
that “zoological classification” should “repose on more ex- 
ternal and readily ascertainable characters,” and that it is “well 
to turn to such other (characters) as can easily be observed ;+ all 
which we suppose will only interfere with the progress of 
knowledge where sincerely believed and held. 

* On Primary divisions of Batrachia Salientia, Nat. Hist. Rev., 1865. 

Mivart, Proc. Z. S. London, 1869, 281-2. This author makes some curious 
objections to the definitions of some of the groups for example, that of the Arcifera, 
the parietal fontanelle, etc. The objection is, that these characters mark immature 
stages of other groups! a point which I have considered in an essay on the 
‘Origin of Genera” subsequently published. It will suffice to state here, that this 


relation indicates for a character a certain fixed grade of systematic value. The 
lowest (specific) and some highest, are those that appear earliest in embryonic life. 
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Art. XXXI—On Foraminifera from the Gulf and River St. 
Lawrence ; by G. M. Dawson. 


By way of introduction to these notes, I may state that the 
reader will find some account of the curious and interesting 
animals to which the paper relates, with figures of characteristic 
examples, in vol. iv, new series, of the Canadian Naturalist, p. 
413; and that several species found in the Gulf of St. Lawrence 
have been catalogued by Principal Dawson, in the same Journal, 
vol. v, page 188 e¢ seg. The following tables give, however, 
the only approach to a complete view of the species and their 
distribution hitherto attempted. 

Many of the deeper samples were small quantities of mud 
brought up in sounding, by Capt. Orlebar, R.N., of the Coast 
Survey, and by him kindly presented to Dr. Dawson. 

The specimens from Labrador were obtained from material 
dredged by the officers of the Geological Survey; those from 
Prince Edward Island were from a specimen secured by C. 
Robb, Esq. ; and those from the Bank of Newfoundland were 
obtained from the late Sheriff Dickson, of Kingston. 

The somewhat extensive series from Gaspé Bay was obtained 
during a dredging expedition in the summer of 1869. The 
mud was sampled when brought up by the dredge, and reserved 
for examination, the depth being ascertained as carefully as 
possible. Several very rich and interesting samples are also 
from the dredgings of Mr. J. F. Whiteaves, F.G.S., in Gaspé 
and its vicinity. Mr. Whiteaves has also gone over this ma- 
terial with care, and has detected some additional species. 

The means were unfortunately not at hand for ascertaining 
the temperature at the bottom. But, though there is reason to 
believe that the water at Gaspé Bay is somewhat warmer than 
the Gulf of St. Lawrence in general, the mud as it came over 
the boat's side felt icy cold to the hand, showing even here 
what a great effect the iceberg-laden Arctic current has on the 
bottom temperature. The number of species tabulated must 
not in every instance be taken as a criterion of the relative rich- 
ness of the localities, as much often depends on the amount of 
material at disposal. This is especially the case when compar- 
ing dredgings with soundings. 

he general aspect of the Gulf of St. Lawrence Foraminifera 
is northern, and in many, places closely resembles the fauna of 
the Greenland coast and the Hunde Islands, as given in Parker 
& Jones’ Memoir.* The Gulf, at least so far as its Foraminifera 
are concerned, evidently belongs to the Arctic province, the 


* Philosophical Transactions, 1865. 
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limits of which skirt the Banks of Newfoundland and pass from 
thence southward to Cape Breton. 

The refrigeration of its waters depends on the Arctic current, 
which, entering the Straits of Belle Isle, floods the whole bottom 
of the Gulf with water almost at the temperature of the Arctic 
seas. ‘To these conditions the series of collections from Gaspé 
offers somewhat an exception, and is of a slightly more southern 
character, both as regards the species represented and the devel- 
opment which they attain. This difference depends on purely 
local causes, which, while slightly changing the character, give 
opportunities for a very abundant development of Foraminifera, 
more especially of the arenaceous forms. Gaspé Bay in no part 
exceeds 50 fathoms in depth; is about 20 miles in extreme 
length, well land-locked, and disturbed by no other current than 
that caused by the ebb and flow of the tide. The depth is not 
so great as to allow of the incursion of the cold and deep layer 
to any great extent, and the proximity of land and the shelter 
thus afforded tend still further to modify its temperature. 

The bottom, in most of the deeper parts, is composed of fine 
sand and mud, and this it is which favors the very large devel- 
opment of arenaceous forms. 

Past the mouth of Gaspé Bay sweeps the very strong tidal 
current of the St. Lawrence, and immediately we pass the shelter 
of Ship Head and come within its influence, the changes in the 
Foraminifera become strikingly apparent. The bottom consist- 
ing for the most part of clean gravel or coarse sand, most of the 
arenaceous forms disappear at once, and instead of the abun- 
dance of Nonioninas and Miliolas previously found, a very large 
proportion consist of Planorbulina lobatula, which can hold its 
own, attached to seaweeds and polyzoans. Polystomella Arctica 
also becomes somewhat prominent, while the Lagenide and 
Entosolenide appear in abundance. 

What few sandy forms do occur are depauperated and com- 
‘ee of very coarse particles. The Foraminifera as a whole 

owever are very abundant, and in some samples dredged by 
Mr. Whiteaves almost equal in quantity those in the deeper 
Atlantic soundings. 

In the estuary of the St. Lawrence itself, Bulimina pyrula be- 
comes a somewhat common form. Among forms which in the 
Gulf of St. Lawrence may be mentioned as specially characteris- 
tic of deep water, are Nodosaria (Glandulina) levigata, Gloli- 
gerina bulloides, very small; Bulimina, principally B. sguamosa, 
also small; Uvigerina pygmea, Cassidulina. 

From depths greater than 100 fathoms all the Foraminifera 
are very small and delicate ; and Lagenidz, Buliminide, Globi- 
gerina bulloides, together with a few depauperated Nonionine, 
constitute the greater part of the fauna. From these depths 

Am. Journ. Sct.—Tuirp Serigs, Vou. I, No. 3.—Marcg, 1871. 
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also come many Diatoms, mostly Coscinodiscus, and Sponge 
spicules. Polystomella striatopunctata is almost everywhere 
prevalent, though it nowhere attains to any very great size, and 
below about 30 fathoms, becomes small and generally rare, and 
continues increasing in rarity till it almost disappears at 300 
fathoms. In some localities, at about 30 fathoms, P. Arctica is 
abundant, and greatly surpasses in size the ordinary Polysto- 
melle occurring along with it. The remaining P. striatopunce- 
tate also at this depth often show a remarkable proneness to 
run into modifications resembling one or other of the numerous 
species and varieties into which the genus is subdivided, but as 
the transition series are complete, it is very difficult to place 
the bulk of the specimens satisfactorily under them. It has 
been thought better in the table to include as many as are easily 
seen to be modified striafopunctate under that name. Nonio- 
nina Labradorica, though not so universally distributed as the 
above, is a very characteristic species in the Gulf It seems to 
be best developed and in largest numbers, at about 30 fathoms. 
It thins off both in numbers and size as we go into shallower 
water, and decreases much in size, though not so perceptibly 
in numbers as the water deepens to 100 fathoms and below. 
There is a remarkable absence of Miliolas in the estuarine parts 
of the Gulf, which strongly contrasts with their abundance in 
Gaspé Bay, and also on the Atlantic coast of Nova Scotia, and 
south. 

One specimen of a curious sandy form of Cornuspira foliacea 
was obtained at a depth of 18 fathoms at Gaspé. 

Biloculina ringens scarcely occurs above 30 fathoms. 

At Murray Bay, which is only about 60 miles below the point 
where, at least, the surface of the St. Lawrence becomes perma- 
nently fresh, the Foraminifera become very scarce and poor. 
Polystomella striatopunctata is the most common, but it has 
become very small. Nonionina Labradorica, Lituola Canarien- 
sis and Zrochammina inflata also occur, but all much reduced 
in size, and scarce relatively to the amount of material examined. 
On passing from the Gulf to the east of Newfoundland, or to 
the south of Cape Breton, a change from the Gulf Fauna is 
immediately detected. Polystomella striatopunctata, there so 
common, becomes rare. Nonionina Labradorica to a great ex- 
tent ceases to appear, and Uvigerina pygmea and Cassidulinide 
become more frequent. 

The arenaceous Hippocrepina, (fig. 2,)* and Lituole (figs. 1 
and 3) are most plentiful at depths less than 20 fathoms. 
Intuola scorpiurus (fig. 4) goes down to the greatest depths in 
Gaspé Bay, and is yet abundant at 10 fathoms, while the im- 
mense Rhabdopleura abyssorum (fig. 6) appears only at about 

* The figures refer to the numbers of the wood-cuts. 
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Fig. 1. Lituola findens, P. Fig.2, Hippocrepina indivisa,P. Fig.3. Lituola cassis, P. Fig. 4. 
Lituola scorpiurus. Fig. 5. Nonionina scapha, var. Labradorica (313 ftms.) Fig. 6. Bulimina 
Presli, var. squamosa (313 ftms.) Fig.7. Rhabdopleura? Fig. 8. Polystomella Arctica. Fig. 9. 
Biloculina ringens. Fig. 10. Lagena sulcata, var. Fig. 11. Entosolenia striato-punctata. Fig. 
12. Entosolenia marginata. Figs. 1,2,3,4 and 7 are drawn to a scale half that of the other figures. 


TasLx I.—Supplementary List of Peculiar Arenaceous Forms. 
(See figs. 1 to 4 and fig. 7.) 
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20 fathoms, and continues from that point Tgp. in num- 
ber and size to the depth of 50 fathoms, which is the greatest 
depth in Gaspé Bay, where alone it has been found. 

The distribution of these Foraminifera would tend, with 
other facts, to show that these organisms, together with most 
other marine animals of low organization, do not depend, to any 
great extent, on the depth or intensity of daylight, but almost 
entirely on the ¢emperature of the water, as Dr. Carpenter main- 
tains in his account of his recent deep-sea dredging, so that they 
would not give very satisfactory evidence of the conditions of 
deposits of Post-pliocene or other beds, unless other facts were 
at disposal to show the depth, when the Foraminifera would 
give valuable assistance with regard to the climatic conditions 
at that depth. The quality of bottom has, however, much to do 
with the general facies of the Foraminifera, as with other ani- 
mals. For, as shown above, calm water, with a bottom com- 
posed of fine sand and sediment, is particularly favorable to the 
arenaceous forms, though, even under these conditions, they do 
not thrive in the very cold, deep water (such as that below 100 
fathoms) in the open Gulf. <A strong current at once causes all 
sandy forms to disappear, mostly, no doubt, from want of the 
fine materials necessary for their shells, and brings in a large 
preponderance of Truncatulinas, Lagenide, &c. 

The arenaceous forms, with the exception of those which are 
tubular, constitute a series parallel to the calcareous forms, and 
the members of which graduate into one another. It seems not 
improbable that the individuals of the same species may assume 
either appearance. It does not appear, however, that the same 
individual can pre sent both forms at successive periods. On 
the other hand, the sandy forms may really constitute a distinct 
group parallel to the others. Sketches of some interesting 
forms are given which do not appear to be precisely similar to 
described species. These have been kindly examined by Dr. 
Parker, of London, who regards the Lituole represented in figs. 
1 and 3 as new species, to which he assigns the names L. findens 
and Z. cassis. The form represented in fig. 2 he regards as the 
type of a new genus, to which, from the horseshoe-shaped form 
of the aperture, he gives the name Hippocrepina, naming the 
species H, indivisa. 
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Art. XXXL—Brie/ Contributions to Zoilogy from the Museum of 
Yale College. No. X1L—Descriptions of new and imperfectly 
known Ascidians from New Engiand; by A. E. VERRILL. 

[Continued from page 100.] 
Family, (restricted). 

The three divisions established by Milne Edwards among the 
sedentary compound Ascidians differ so much in internal strue- 
ture as to entitle them to rank as distinct families: BotryL- 
LIDA, including Botryllus and Botrylloides ; POLYCLINIDA, con- 
taining Polyclinum, Amouroucium, Aplidium, and the allied 
forms; DIDEMNIDA, including Didemnum, Leptoclinum, and sev- 
eral other related genera. 

Botryllus Gouldii Verrill. Figures 14 to 19. 


Botryllus stéllitus Gould, Rep. on Inv. of Mass., Ist ed., p. 320, 1841 (non Geetn.). 
Botryllus Schlosseri Binney, in 2nd ed. Gould Inv. Mass., p. 3, Pl. xxiii, fig. 319, 
1870 (non Pallas); Dall, Proc. Bost. Soc. Nat. Hist., xiii, p. 255, 1870. 


This species commonly forms thick, fleshy, translucent in- 
crustations on sea-weeds and zodphytes, the form which it as- 
sumes depending upon the shape of the object. The masses 


are often several inches in length and half an inch or more in 
width. The animals are short oval, as seen at the surface, and 


Figure 14.—Botryllus Gouldii Verrill, enlarged one half, showing part of a mass 
attached to the stalk of a Tubularia. 

Figure 15.—One of the animals enlarged 20 diameters: a, anal orifice ; b, branchial 
orifice; c, branchial sac; d, cesophagus; e, stomach; g, anus; 0, right ovary. In 
this cut the stigmata are too few and too distant and the larger longitudinal vessels 
were accidentally omitted. 

Figure 16. --Portion of the branchial sac of an adult individual, enlarged 40 di- 
ameters: J, i, large longitudinal vessels; m, m, large transverse vessels, connected 
by the small longitudinal vessels between the stigmata, and by the large ones. 

Figure 17.—Two of the stigmata, enlarged 100 diameters, showing the cilia at- 
tached to the inner margin.—( All the figures are from camera-lucida drawings by 
the author, from Brooklyn specimens). 
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form circular or elliptical groups, of from five to sixteen or 
more, surrounding circular or elliptical cloacal openings. The 
“marginal tubes” are numerous in all parts of the common 
tissue, the enlarged ends appearing as oval or pyriform spots 
lighter than the ground color. The branchial openings are 
small and cireu- 
lar, surrounded 
by a light halo. 
The animals dif- 
fer considerably 
in form, accord- 
ing to the state 
of contraction. 
The anal open- 
ing is usually considerably more distant from the branchial than 
in figure 15, and its tube much larger and more divergent. 
The outer end or branchial side of the body usually projects 
considerably beyond the branchial opening, as in figure 18. 
The form of the stomach also differs, and in preserved speci- 
mens it is difficult to determine its normal form. Its surface is 
finely corrugated or irregularly ribbed, with a glandular struc- 
ture, which is finely granulated. 

The colors of the specimens were not very carefully examined 
during life, but the common tissue is greenish-gray and the 
animals purplish, with a lighter central spot. When preserved 
in alcohol the tunic is finely speckled with deep purple, the 
stomach and ovaries are light yellow. The branchial sac has 
eight or nine transverse purple vessels, and six or more longi- 
tudinal ones that are of the same size and color, with smaller, 
nearly uncolored ones between (figs. 16, 18). The stigmata are 
narrow elliptical or oblong (fig. 17). Seen externally the branch- 
ial orifice is surrounded by a white spot, and another light spot 
is situated at the anal opening near the inner end. The mar- 
ginal tubes are dull yellow, with the enlarged ends often opaque 
white. 

Brooklyn, Long I.,—D. C. Eaton ; Charlestown, Mass.,—F. G. 
Sanborn; Salem,—E. S. Morse. 

This species appears to be more nearly allied to B. polycyclus 
of Northern Europe than to B. Schlosseri, but is apparently 
quite different from both. 

Figure 18.—Another individual, seen from the left side, and enlarged 10 diame- 
t-rs: a, anal tube; e, stomach; 7, ventral duct of the branchial sac; 0, left ovary; 
r, one of the “ marginal tubes ” developing as a bud. 

Figure 19.—The same bud (7, fig. 18) enlarged 40 diameters: c, branchial sac 
with seven transverse vessels, faintly developed; the branchial orifice is not formed, 
but is indicated by a transparent spot surrounded by a faint circle; e, stomach and 
curved intestine; 0, 0, ovaries. Some of the purple pigment cells of the tunic are 


already developed. 
[To be continued.) 


{ 

| 

| 

| 

| 

1 

| 

| 

| 

| 

| 

| 


Chemistry and Physics. 


SCIENTIFIC INTELLIGENCE. 
I. CHEMISTRY AND PHysIcs. 


1. On the synthesis of indigo blue.—The beautiful discovery of 
the artificial production of alizarin is now followed by that of 
indigo blue. The path to this discovery was opened by Baeyer, 
who by the action of a new reducing agent succeeded in forming 
the first derivative of indigo free from oxygen—indol, and subse- 
quently in preparing this artificially. The same chemist also redu- 
ced isatin to indigo blue, giving thereby further encouragement to 
the hope of artificially forming indigo blue itself. By the dry dis- 
tillation of equal molecules of calcic acetate and benzoate, Emmer- 
ling and Engler obtained acetophenon, the methyl-ketone of ben- 
zoic acid, ©,H,0. Nitric acid converts this into two isomeric 
nitro-derivatives, a crystalline body, €,H, (NO,)®, which is not 
susceptible of transformation into indigo blue, and a reddish yel- 
low syrupy compound with the same empirical formula. As the 
— formula shows, two molecules of this body by losing 2 
molecules of water and 2 atoms of oxygen would yield one mole- 
cule of indigo blue. 

,H,,.N.9>. 
By using a mixture of zinc-dust and soda-lime at a high tempera- 
ture, both these changes occurred, the heat serving to remove the 
water. -Afterward it was found that the water might first be 
expelled by a carefully regulated heat. When small quantities of 
the mixture are heated over a good Bunsen’s lamp, in narrow test 
tubes, a dark sublimate is formed on the colder parts of the tube, 
which on heating gives the characteristic violet vapors of indigo 
blue. The sublimate also gave with lime and ferrous sulphate a 
solution of indigo-white, which again by oxidation gave the char- 
acteristic purple film. The artificial production of indigo-blue, 
although in extremely small quantity, is thus rendered certain. 
The authors give for the structural formula of indigo-blue the fol- 


lowing scheme: N-€,H, —€0—¢€H 
i] 
N—€,H,-€0—€H 
so that it represents the azo-derivative of a peculiar ketone, hav- 
ing the formula: €.H.,—€e—€H 
6 5 
€,H,-€9—€H, 


but not yet prepared. In view of the facility with which azo- 
compounds are converted into hydrazo-compounds, indigo-white 
will have the formula: 
NH—€,H,—€0—€H 
( NH—€,H,-€0-€H. 
The constitutions of the other bodies belonging to the indigo 
series will be: 
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N—€,H, -€0— —€(OH) 
Isatin. 
N —€,H,—€0 —€(6H) j 
NH—€,H,—€CH=€H ) 

|__ Indol. 
NH-—€,H,—€H=€H ) 

NH—6, _~€H=€(6H) 
NH—€,H,—€(90H) (OH) j 

The method given above for the artificial formation of indigo- 
blue does not of course hold out any prospects of success in repla- 
cing the natural by the artificial product, but is certainly to be 
regarded as one of the highest tr iumphs of synthetic chemistry. — 
Berichte der Deutschen Chem. Gesellsch: uft, 3°" Jahrgang, p. 885, 
(Nov. 28th, 1870). W. G. 

2. On the products of the distillation of coal tar having high 
Se ee the products of the distillation of coal 

tar having higher boiling points than anthracene, Gribe and Lie- 

bermann found chrysen € istt,9- Graibe has continued the inves- 
tigation, and has discovered a new hydrocarbon, having the form- 
ula €, ¢H,,, to which he has given the name of Pyren. This 
hydrocarbon may he isolated by combining it with picric acid, 
with which it forms a red crystalline mass, having the formula 
€,,l,,+6,H.(N9.),0H. Ammonia unites with the acid and 
sets free the pyren in the form of colorless leaves which closely 
resemble anthracen, are soluble in alcohol, benzol, ether and bisul- 
phide of carbon. It melts at 142° C. and distills at a higher tem- 
perature than anthracen. Nitric acid readily converts pyrene into 
nitro compounds. A mixture of potassic chromate and sulphuric 
acid converts it into pyrene-chinon. Bromine gives two deriva- 
tives, €,,H,Br,.Br, and €,,H,Br,. Pyrene-chinon is a red 
powder which is reduced by zine powder to pyrene, which Grabe 
regards as phenylene-napthalin, and for which he gives a complex 
structural formula.— Berichte der Deutschen Chem. Gesellschaft, 
3'et Jahrgang, p. 742. W. G. 

3. On anew reaction for Chloroform.—A. “W. Hormann has 
given a very elegant process by w hich one part of chloroform in 
5000-6000 parts of alcohol may be detected with certainty. The 
liquid to be tested is poured into a mixture of aniline with an alco- 
holic solution of caustic soda. When chloroform is present, on 
gentle heating a violent reaction takes place, with evolution of 
the characteristic powerful odor of the isonitril. Bromoform and 
iodoform give the same reaction as well as chloral, but no other 
known substances,— Berichte der Deutschen Chem. 9 
Jahrgang, p. 769. w. 

4. On the homologues of Naphthalin.—Frirtie and Pasaaen 
have succeeded in replacing an atom of hydrogen in naphthalin 
by an atom of methyl or ethyl, by a process similar to that by 
which ethyl benzol was formed, that is to say, by the action of 


Oxindol. 


214 
| 
| 
| 
| 
| 


Geology and Natural History. 215 


sodium upon a mixture of mono-bromnaphthalin with iodid of 
methyl or ethyl. Methyl-naphthalin is a colorless, limpid, some- 
what thick liquid, with a faint aromatic odor. It is insoluble in 
water, and boils at 231°-232° C. With fuming on acid it 


gives methyl-naphthalin-sulphuric acid, €, , . Ethyl 


naphthalin is also a colorless, limpid liquid. It boils at 251°-252° 
C., and forms an ethyl- naphthalin-sulphuric acid, which gives a 
well defined copper salt.—Ann. der Chemie und Pharmacie, hi 
112. w. 

3. On the Spectrum of the Aurora Borealis ; by Joun Ped N- 
1nG, Esq., (Monthly Notices of the Royal Astronomical Soc iety, 
November 11, 1870).—During the display of the Aurora Borealis 
which occurred on the evenings of the 24th and 25th of October, 
I confined my attention to observing the spectra of the light, tak- 
ing it in different parts of the sky. When the spectroscope was 
directed to the more luminous portions, which were generally of a 
silvery white, the spectrum appeared to me to consist of only one 
line. “I could not succeed in verifying the position of this line; 
but it appeared to be situated between D and E in the spectrum. 
When observing the light of the red portions of the sky, a faint 
red line became visible. I had no means of verifying the position 
of these lines with any degree of exactitude; but ‘I was able to 
throw into the field of view a faint continuous spectrum from a dis- 
tant light, and also the bright yellow sodium-line produced by a 
spirit-lamp. 

The color of the green line was very peculiar; had I not been 
able to observe it by comparison, I could not have formed any 
idea of its position. It was an exceedingly light silvery green, or 
greenish grey, and often seemed to flicker. Besides the two lines 
particularly described, I occasionally suspected others, one in the 
red and one in the blue; but I could not be at all sure of this. 
The color of the light of the aurora seen over the greater portion 
of the heavens resembled exactly that of the discharge of elec- 
tricity from an induction-coil through a vacuum formed from 
atmospheric air. 


IL AND Natura History. 


1. Geological Survey of Ohio.—The publication of the Report 
on the progress of the Geological Survey of Ohio for 1869, is 
announced on page 146. It consists of: I, a Report of Progress 
by J. 8S. Newberry, Chief Geologist; II, Report of Progress in the 
Second District, by E. B. Andrews, Assistant Geologist ; and 
IIT, Report on the ‘Geology of Montgomery Co., by Edward Or- 
ton, Assistant Geologist. A colored geological map, about a 
foot square, accompanies the volume, and shows many rectifica- 
tions of former ideas with regard to the rocks. The region of the 
Cincinnati uplift, which extends east of north from Cincinnati to 
the eastern end of Lake Erie, and is occupied about Cincinnati 
by the lowest exposed rocks of the state, the Cincinnati or Hud- 
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son River beds, is covered to the north, not solely by the Niagara 
limestone, as has been supposed, but to a large extent by the 
Lower Helderberg, and mainly the water-lime beds; and passing 
eastward from this area, the surface rocks are in succession, the 
Oriskany sandstone, Corniferous limestone, Hamilton group, the 
Huron Shale or Genesee and Portage, the Waverly group now 
proved to be Subcarboniferous, and the Coal Measures, the last 
mentioned covering nearly all of the eastern third of the state. 
There is also, on the Lake shore, the Erie Shale, several hundred 
feet thick, corresponding to the Chemung, a rock hitherto con- 
founded with the Huron Shale. 

The Huron Shale, as first found by Mr. Hertzer, contains 
Sossil remains of fishes and wood inside of large concretions; and 
one of the fishes, called the Dinichthys Hertzeri by Newberry, 
had a head three feet long by two broad, with the jaws over two 
feet in length and five inches deep; the two jaws met in front to 
form one great triangular tooth which interlocked with two in the 
upper jaw seven inches long and more than three wide. 

The discovery of the Subcarboniferous limestone in patches in 
the state is announced by Prof. Andrews, of the Survey, at page 
91 of this volume. The report of Prof. Andrews, which every- 
where shows careful research, relates to the eastern or Carbonif- 
erous portion of the State, and contains special descriptions of the 
rocks and iron ore beds, with sections, lists of fossils, observations 
on economical products, ete. 

Among the most interesting results obtained are those of the 
chemist, Prof. Wormley, who has proved that the sulphur in the 
coal is not all or mainly in the state of sulphid of iron, but in that 
of an organic sulphur compound, 

We cite the following from Prof. Andrews’ Report, on page 108: 
* All the authorities on the subject of coal have hitherto supposed 
the sulphur to be chemically combined with iron in the form of a 
bisulphide of iron (FeS?). Prof. Dana, in his recent work on Min- 
eralogy, expresses a doubt in regard to this in the following para- 
graph, page 756: . 

‘Sulphur is present in nearly all coals. It is supposed to be 
usually combined with iron, and when the coal affords a red ash 
on burning, there is reason for believing this true. But Percy 
mentions a coal from New Zealand which gave a peculiarly white 
ash, although containing from 2 to 3 p. c. of sulphur, a fact show- 
ing that it is present not as a sulphide of iron, but as a constituent 
of an organic compound, The discovery by Church of a resin con- 
taining sulphur (see Tasmanite, p. 746), gives reason for inferring 
that it may exist in this coal in that state, although its presence as 
a constituent of other organic compounds is quite possible.’ 

By an examination of Prof. Wormley’s table d aan of the 
Lost Run coal, it will be seen that in no case is there iron enough 
in the coal to take up in combination all the sulphur. In No. 27, 
the sulphur is 1°01 per cent. Adopting for the combination of the 
bisulphide of iron the proportion given by chemists, viz: iron 
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46°7, and sulphur 53-3, in 100 parts, the sulphur in No. 27 would 
require 0°884 per cent of iron, whereas Prof. Wormley finds only 
0°09 per cent. This 0°09 per cent of iron would require only 
0°102 per cent of sulphur to make the usual iron pyrites, and 
there are consequently 0°908 per cent of sulphur elsewhere in the 
coal than in combination with iron. 

Another marked illustration of the disproportion of sulphur to 
the iron in a bituminous coal is found in the analysis of a coal 
from Washington county. The coal is a white ash coal, and the 
sample analyzed had been in the cabinet of Marietta college for 
fourteen years, and showed none of the usual tendency to disin- 
tegrate from a change of the bisulphide to the sulphate of iron, a 
salt which, in crystallizing, breaks the coal by its expansion. The 
sample was found by Prof. Wormley to contain ay | 0°390 per 
cent of iron, but 3°330 per cent of sulphur. There should have 
been but 0°455 per cent of sulphur, if the sulphur were limited to 
a bisulphide of iron.” 

Prof. Andrews observes, on p. 133, that gold has been taken 
from the Drift at several points in Licking Co., and that in the 
summer of 1868, gold dust was gathered to the value of seventeen 
dollars. 

Prof. Orton was occupied with Southwestern Ohio, which he is 
evidently studying with much care. Some observations of his in 
this region on a peat bed beneath the drift, a discovery of the 
survey, are published on page 54 of vol. 1, of this Journal for 
1870. A large number of analyses of limestones and other rocks 
of this part of the state by Dr. Wormley are given on pages 151 
to 153. They show that the Niagara limestone is a true magnesian 
limestone, containing 40 to 50 per cent of carbonate of magnesia. 

2. Report on the Geological Survey of Iowa; by Cuartes A. 
Wurre, M. D.: Geological Corps, C. A. White, State Geologist ; 
O. H. St. John, Assistant; Rush Emery, Chemist. Vol. I, 381 pp. 
large Svo, with maps, sections and views. Des Moines, 1870.— 
The geological survey of lowa was first undertaken by Professors 
James Hall and J. D. Whitney, who published their valuable 
Report, a large octavo volume, in 1858. In 1866 the survey was 
resumed, under the order of the State, by Prof. White, but was 
unfortunately cut short again by the Legislature before the work 
was half done, yet not before important results were obtained, as 
shown in the volume just now issued. It is the first of the two 
volumes of which the Report is to consist. This first volume is a 
clear and succinct account of the physical geography and geol- 
ogy of the State, with details respecting several of its counties. 
After a general view of the Iowa rocks, it treats in its first part, of 
the surface features, including its elevation, drainage system, lakes, 
caverns, &c.; the Drift and other Quaternary deposits; the soils, 
+e and forest-regions; its climate (a chapter, prepared by Mr. 

. S. Parvin). In its second part, it takes up the geology, speak- 
ing of the several rocks in order of age, giving their characters, 
characteristic fossils, distribution, etc. Part third, is occupied by 
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a chapter on the counties of Southwestern Iowa. We select a few 
facts trom the Report. 

The thickness of the Lower Silurian is stated as 1160 feet (of 
which 550 are Primordial); Upper Silurian, (Niagara group) 530 
feet; Devonian (Hamilton group) 200 feet ; Subcarboniferous, 530 
feet; Coal measures, 600 feet; Cretaceous, 330 feet; following 
which is the Drift; in all, less than 3200 feet for the maximum 
thickness. 

Azoic rocks occur over a few acres in the extreme northwest 
corner of the State. The Subcarboniferous rocks, which extend 
northwestward across the State, consist of four subdivisions, the 
same that are recognized by Worthen in Illinois; 1, the Kinder- 
hook group, the lowest and widest in extent, reac hing farthest 
north; 2, the Burlington limestone, of much less extent north- 
ward; 3, the Keokuk limestone (in which the Warsaw limestone 
is included), with still less of northward extension; and 4, the 
St. Louis limestone, reaching north nearly as far as the Kinder- 
hook group. The 5th or Upper division, the Chester limestone, 
does not reach to within a hundred miles of the southern bound- 
ary of Iowa. The Coal measures are divided into the Lower, the 
Middle, and the Upper; and the Upper és largely limestone, a rock 
much like that of the Subcarboniferous, and formerly supposed to 
be of that group, but proved by Dr. White on both geographical 
and paleontological evidence to be Upper Carboniferous. The 
chapter on the Middle Coal Measures is by the Assistant Geolo- 
gist in the Survey, Mr. O. H. St. John. Sections are given of the 
Coal measures, as well as of the other rocks. 

The subject is throughout presented in excellent style, simple 
enough for the popular reader, with much of practical ‘value, and 
yet exact and concise in its scientific descriptions and statements ; 
and the work in its typography as well as its science is an honor to 
the State. The volume contains a geological map-model of the 
State, made up of layers of paper colored and lettered to repre- 
sent the successive rocks—an admirable contrivance of Dr, White’s 
for popular illustration, and one that may be of great service in 
public lectures on the science. It is particularly adapted to 
regions of nearly horizontal rocks. 

The second volume of the Report is to be devoted to detailed 
geology, lithology, mineralogy, and chemistry, and will be accom- 
panied by a geological chart of the State. ‘The Chemical Report 
will be by Prof. Emery, who, Dr. White observes, “ has performed 
his duties with a zeal and conscientiousness worthy of all admira- 
tion.” 

3. Report of the Geological Exploration of the Fortieth Par- 
allel, made under the direction of Maj. Gen. A, A. Humphreys, 
Chief of Engineers, by Clarence King, U. 8. Geologist. Vol. Il, 
Mining Industry ; by James D. Hacur, with Geological contri- 
butions by CLaRENcCE KING, 647 pp. 4to, with xxxvii plates on 
stone, and an Atlas. 1870, Washington, Government Printing 
Office.—The prompt publication of this volume on the Mining 
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Industry of Nevada and Colorado, within a year from the close of 
the field-work of the 40th parallel survey, is a good omen for the 
early completion of the whole report. 

The present book, the third volume, although the first in the or- 
der of publication, opens with a general sketch of the western min- 
ing districts, and an elaborate monograph on the geology of the 
Washoe district, and the general structure and mode of occurrence 
of the Comstock lode by Mr. King, covering 97 pages. Then fol- 
lows an exhaustive treatise on the exploitation of the Comstock 
mines, and the mechanical and metallurgical treatment of their 
ores, by James D. Hague, supplemented by a brief chapter on 
the Chemistry of the Washoe process by Arnold Hague, the 
whole occupying 198 pages. This is followed by a chapter of 
150 pages on the mines of Central and Eastern Nevada by J. D. 
Hague, with geological contributions by 8. F. Emmons, and A. 
Hague, containing descriptions of the Meese River, White Pine 
and Egan Caiion districts. Chapter VII, by Mr. King, is on the 
Green River Coal Basin, and contains paleontological contribu- 
tions by F. B. Meek. The remaining three chapters, by J. D. 
Hague, are devoted to a general sketch of Colorado and a detailed 
account of gold and silver mining in that territory. The work is 
supplied with an excellent index, and is accompanied by an atlas 
of xii plates, admirably engraved and printed by Julius Bien of 
New York. This volume contains a very large number of newly 
observed facts, which have been calmly considered; and the con- 
clusions therefrom are clearly and candidly set forth. It is not 
too much to say that the descriptions of the Washoe region, and 
the illustrative maps showing the geology and topography of the 
Comstock lode by Messrs. King and Gardner, with the maps, 
sections and elevations of the different parts of the mines and 
workings, surpass in completeness and perfection of execution, 
any similar work ever published. The chapters by Mr. James D. 
Hague on the methods of exploitation and treatment of the ores 
of the different districts give, in a masterly manner, the facts and 
details on these points, and also contain a large amount of care- 
fully collated statistics, never before published, regarding the cost 
of production, and the yield of the mines upto 1870. Mr. Hague’s 
practical experience in mining, and his thorough knowledge of the 
scientific principles involved, together with his candid and dis- 
criminating treatment of the facts under consideration, give great 
weight to his conclusions, and render this volume the most valua- 
ble contribution yet made to the literature of the Mining Industry 
of the United States. This book should be studied by every one 
interested in the development of our western mining regions, and 
Congress would doa great service to the country if it should 
authorize a popular edition to be published for general distribution. 

Mr. King announces that his report will be completed in five 
volumes. Vol. I, Systematic Geology ; Vol. II, Descriptive Ge- 
ology; Vol. III, Mining Industry; Vol. IV, Zodlogy and Paleon- 
tology; Vol. V, Botany. The whole report forms No. 18 of the 
Professional papers of the Engineer Department, U. 8. Army. 
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4. The Literature of Kent’s Cavern, near Torquay, Devonshire. 
—Besides the five Reports of the Committee for exploring Kent’s 
Cavern, published by the British Association in the volumes for 
the years 1865 to 1870 inclusive (the first one of which was repub- 
lished in vol. xliii of this Journal, 1867), various important publi- 
cations have been made by Mr. Wn. Pengelly, F.R.S., &c., in the 
Transactions of the Devonshire Association for the Advancement 
of Science, etc., which have also been reprinted in pamphlet form. 
These include the following: Zhe Literature of Kents Cavern, 
prior to 1859, 54 pp. 8vo, 1868.— Condition of some of the bones 
found in Kent’s Cavern, 8 pp. 8vo, 1868.—The Literature of 

fent’s Cavern, Part II, including the whole of the Rev. J. Mac- 
Emery’s Manuscript, 310 pp. 8vo, 1869.—On the alleged occur- 
rence of Hippopotamus major and Machairodus latidens in Kent's 
Cavern, 25 pp. 8vo, 1869.—Mr. Pengelly was on the British Asso- 
ciation Committee, ‘and served as its Reporter. He has also pub- 
lished, in the same Transactions, On the Antiquity of Man in the 
South-west of England, 34 pp. 8vo, 1867.— On the Introduction of 
Cavern Accumulations, 12 pp. 8vo.—On the Literature of the 
Caverns near Yealmpton, South Devon, 25 pp., 1870; and other 
papers on the Geology of Devonshire. 

5. Atlas der Krystall-formen des Mineralreiches; von Dr. 
ALBRECHT ScHRAUF, ersten Custos des K. K. Hof-Mineralien-Kabi- 
nets, Wien, etc. 4to, II Lieferung.—Dr. Schrauf of Vienna is one * 
of the best crystallographers of the age, as well as an excellent 
physicist. He has commenced in this Atlas a large and beautiful 
work on the crystalline forms of minerals, having just published 
the second part out of the twenty of which it is to consist. The 
order in which the mineral species are taken up is alphabetical. 
The Second part, just now issued, contains plates 11 to 20, illus- 
trating the species from Anglesite to Apatite inclusive, and each 
plate is occupied with sixteen figures drawn and engraved with 
great exactness. Under r anglesite there are 75 figures; under an- 
hydrite, 16; under apatite, 36; and so on. The text contains crys- 
tallographic descriptions of the several figures, and the fundamental 
dimensions and angles, but without tables of the inclinations be- 
tween the various planes. Many of the figures are by Dr. Schrauf 
himself; and in all cases references are given to the authority. 
The work would be a very valuable companion to any mineral- 
_— cabinet or library. It is printed in a style worthy of the 

lenna press. 

6. Synopsis of the Extinct Batrachia and Reptilia of North 
America ; A Epwarp D. Corr. Part IIL. pp. 235, to 252 with 
two large plates.—This third part continues Prof. ’Cope’s very 
valuable work on our fossil Batrachians, Reptiles and Birds. It 
is devoted mainly to the birds, and describes at length the species 
Sula loxostyla Cope, from the Miocene of Calvert Co., Maryland, 
and Meleagris superbus Cope, (on a following page, recognized as 
having been first announced by O. C. Marsh as Meleagris altus), 
from the Post-pliocene of Monmouth Co., N.J. It contains also 
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an account of some footprints of Batrachians and Reptiles. Next 
follows the Conciusion, containing a synoptical table showing the 
stratigraphical positions of all the species noticed in his three parts, 
and another, their distribution in time; and then, general obser- 
vations on the relations of the species, and some stratigraphical 
observations. 

7. The Phosphate Rocks of South Carolina: their History 
and Development ; by Francis 8S. Hotmes, A.M., of Charleston, 
S.C. 88 pp. 8vo. Charleston, 1870.—-This Report is evidently 
intended as a popular exhibition of the resources of South Carolina 
in phosphatic deposits, and of some of the companies engaged in 
mining them. The author advocates the untenable opinion that the 
phosphatic material was originally an Eocene formation, and that 
what occurs now elsewhere was washed out of the Eocene marl 
into its present position; the multitudes of sharks teeth in the 
Eocene indicating in his view that sharks and other fishes were the 
main source of the phosphoric acid. 

8. Geognostisch-mineralogische Fragmenta aus Italien. Ill 
Theil: Die Insel Elba; von Prof. G. vom Ratu, in Bonn. pp. 
591-732, trom the Zeitschr. d. deutschen geol. Ges., 1870, with 
two plates.—Like all of Prof. von Rath’s papers this is a very 
thorough treatise, both geologically and mineralogically. The 
plates contain figures of rare forms of the species Quartz, Ortho- 
clase, Beryl, Tourmaline, Petalite (Castor), Sphene, and Ilvaite ; 
besides a map of the Island of Elba. 

9. Lophiotherium sylvaticum.—Dr. Leidy has so named a spe- 
cies of fossil mammal, based on a portion of the lower jaw found 
by Prof. Hayden on Henry’s Fork of Green river, Wyoming.— 

cad. N. Set. Philad., Nov. 15, 1871. 

10, Auchenia Californica.—Several bones obtained by Prof. J. 
D. Whitney, and labeled “ under Table mountain near Shaw Flat, 
Tuolumne Co., California,” have been referred by Dr. Leidy to a 
new and large extinct species of Lama and named as above.— Jd. 

11. Protohippus of Leidy.—Dr. Leidy observes that the genus 
Hippidion of Owen, instituted in his paper on the Fossil Equines 
from Central South America (Phil. Trans. 1869), is essentially that 
established by him in 1858 under the name Protohippus.—TId. 

12. Fossil Reptiles of the Cretaceous of Kansas.——Prof. Cope has 
recognized among specimens received recently from Kansas, Elas- 
mosaurus platyurus Cope, Polycotylus latipinnis Cope, Liodon 
proriger Cope, and three new Liodons, which he names JL, ictericus, 
LI. Mudgei, and L. dyspelor. The last was allied to Mosasaurus 
Brumbzi, but was very much larger.—Jd. for Dec. 6. 

13. General Chart showing the amount and yield of Mineral 
fuel in Austria in the year 1868, by Fr. ForrrerRLe.—An interest- 
ing Chart published by the Geological Reichsanstalt of Austria, 
under the title, Uebersichts- Karte des Vorkommens der Production 
und Circulation des mineralischen Brennstoffes in der Oesterreich- 
ischen Monarchie im Jahre 1868. 

Am. Jour. Sc1.—Tutrp Series, Vou I, No. 3.—Marcg, 1871. 

15 
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14, Rhododendree Asie Orientalis : a paper by Maximowicz, re- 
cently issued (1870) as the 9th fasciculus of the 16th volume of the 
Memoirs of the Imperial Academy of Sciences of St. Petersburg ; 
illustrated by 4 plates, imp. 4to. In the commencement of this 
elaborate and very interesting article, Maximowicz explains that 
the name Rododendree is preferred to Rhodoree because the genus 
Rhodora is a mere quasi-abnormal form of a section of Rhododen- 
dron, taking this genus, as he does, in the most enlarged sense. 
Also that the characters of scaly and not scaly buds is not com- 
pletely available, as was thought, for dividing the groups into two 
tribes as Klotzsch proposed. We have been accustomed to use 
this character in a subordinate way, when it is very valuable, 
aware that both modes occur in some genera, such as Vaccinium. 
The main distinction between his Phyllodocee and his Hurhodo- 
drendrece is that of the seed, with a close testa in the former, scobi- 
form in the latter. Among the genera of the former he ranks 
Rhodothamnus, founded on Rhododendron Chamecistus. The 
point which most nearly concerns us is that, notwithstanding the 
Californian species which we regard as uniting them, Maximowicz 
keeps up both Bryanthus and Phyllodoce, the former of Steller’s 
original plant only, the corolla of which he newly describes as 
“ad basin 4-partita, horizontaliter patens.” He also reclaims the 
genus for Steller, and states that Pallas had done so before him, 
that Gmelin had copied name and character verbatim from Steller, 
but without mentioning him at all. As to the genera, upon a re- 
view of the question under all the light now thrown upon it, we 
still think that the union proposed is likely to be maintained. 

The name Loiseleuria is kept wp,—although the plant was the 
original Linnean Aza/ea,—and with sufficient reasons of history 
and convenience, which ought here to overbear the rule; for it is 
impracticable at this day to dissociate the name Azalea from the 
shrubs which every one knows under that name. 

Of Menziesia Maximowicz recognizes six species; that is, he 
holds to the distinctness of our eastern MW. globularis from the 
north-western MW, ferruginea (but the characters seem to us insuffi- 
cient and evanescent), finds a better distinction for the cognate 
Japanese species in its pentandrous flowers, and has three more 
apparently well-marked Japanese species. 

Tsusiophyllum, of a single Japanese species, is an interesting 
new genus between Menziesia and Rhododendron, distinguished 
by its narrow tubular corolla, trimerous pistil, and longitudinally 
dehiscent anthers. 

Rhododendron, the great genus of the group, is disposed under 
eight sections. Four of these are of the terminal-flowered series, 
all but the last of which make the innovations from separate buds: 
1. Osmothamnus, DeCandolle’s genus, to which 2’. Lapponicum, 
and the two Alpenrosen, with some related species, are added. 2. 
Eurhododrendron, comprising the typical species, under four sub- 
divisions. 3. Azalea with annual leaves, answering, with some 
exceptions, to that genus as admitted by DeCandolle. Toa group 
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of this subgenus, otherwise all Chino-Japanese, belongs 2. Rhodora 
Don. 4. Zsusia, of which the so-called Indian, but really all 
Chino-Japanese Azaleas of our conservatories are the representa- 
tives, in which the innovations come from the same terminal buds 
with the flowers, and the leaves are less deciduous. 

The lateral-flowered series consists of those which bear single or 
sometimes geminate flowers from lateral scaly buds. 5. Aeysia 
Nutt. is formed for a single evergreen Himalayan species. 6. 
Rhodorastrum, with annual leaves and lateral innovations has 2. 
Dauricum for its principal representative. 7. Azaleastrum, known 
from the last by its almost rotate corolla, comprises our western 
R. albiflorum Hook., and one or two Chino-Japanese species. 8. 
The anomalous group Zherorhodion, with similar corolla, but 
cleft to the base on the lower side, the innovations extending into 
a foliaceous bracteate raceme, consists of 2. Aamtschaticum, which 
reaches Alaska, and R. Redowskianum. 

The 8th decade of Diagnoses of new plants of Japan and 
Mandshuria, by the same author, reprinted from the Academy’s 
Bulletin, of the autumn of 1870, is of interest as containing a key 
to the species of Elwagnus, the characters of a new Iris which 
Miquel had taken for our J. cristata, a Triostewm which hardly 
differs from 7! perfoliatum, and a Mandshurian and a Japanese 
species of Nabalus. A. G. 

15. Flora Australiensis.—The fifth volume of this great Colonian 
Flora, by Mr. Bentham, assisted by F. Miiller, issued toward the 
close of 1870, has just been received. It comprises the last orders 
of Monopetale, from Myoporinee to Plantaginee, the Labiate 
being the largest family, and the Apetale from Phytolaccacee to 
Proteacee ; the latter being of course by far the most important 
family, and occupying almost half of the present volume of 584 
pages. In connection with this we may note the reception of the 
6th volume of Ferdinand de Miiller’s Fragmenta Phytographiv 
Australis (Melbourne, 1867-1868,) containing characters of new 
species and genera, revisions of various groups, etc., illustrated by 
lithographic plates of some of the more interesting plants; the 
present volume mainly devoted to Monopetale and to Proteaceae, 
and issued in advance of the corresponding portion of the Flora 
Australiensis. Thanks to two such indefatigable laborers, Aus- 
tralia may soon boast of a noble and unrivalled completed Flora. 

A, G. 

16. Marsilie and Pililariv, revised by A. Braun.—The Monats- 
bericht of the Berlin Academy of Sciences for August last, from 
p. 653 to p. 754, is occupied by Prof. Braun with a detailed ac- 
count of these genera, upon which he has previously published the 
results of prolonged investigations. His present account is sum- 
med up in a tabular view or key to the species of both genera (in 
German) followed by a systematic arrangement and revision, with 
full synonymy, habitat, etc. The species of Marsili# now amount 
to 53, of which 9 are North American; and of Pilarie to 5, of 
which there is one, very little known, in the United States, cer- 
tainly in Arkansas, probably in Georgia. A, G, 
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Ill. AstRoNomY. 


1. Solar Eclipse of Dec. 22.—We copy the following article on 
the eclipse from ature, the excellent scientific weekly under the 
editorial direction of the astronomer, Mr. Lockyer, and published 
by MacMillan & Co. London, and 63 Bleecker St., New York. 

Mediterranean Eclipse, 1870; by J. Norman Lockyrer.—Cloud 
in Sicily, cloud in Spain, cloud in Africa. Such at first sight might 
seem to be the only result of all the observations made on the 
eclipsed sun of 1870. 

But, after all, has the oracle been silent? I think not. Dare 
we, however, say that the great problem of the Corona, that one 
among the many still outstanding difficulties which the eclipse 
was invoked to settle, is settled ? This, perhaps, would be saying 
too much, but still, I think, a step in advance has been made. The 
oracle has spoken darkly, perhaps, but it has spoken. 

Let me endeavor to put the question as it stood a few weeks ago 
as briefly as possible. 

Beginning the story some few years back we find the corona, a 
halo of white light around the moon, with a height sometimes rep- 
resented as equal to the moon’s diameter, sometimes more, some- 
times less, with a border @ discrétion,—so much did the drawings 
vary—regarded as the solar atmosphere. 

Some thought the red prominences to be mountains, other ob- 
servers called them clouds. 

The polariscope was brought up with a view of determining 
whether the corona shone by reflected light or not. The result of 
this new method of observation was doubtful. 

In the Indian eclipse of 1868 M. Janssen, by means of the spec- 
troscope, still another aid, determined that the prominences were 
masses of hydrogen gas, but there was no final word about the 
corona. Major Tennant observed that its spectrum was continuous. 
Later in the same year Dr. Frankland and myself approximately 
determined the pressure of the prominence gases by means of a new 
method and laboratory experiments, and at once stated our convic- 
tion that the extensive corona, which had been depicted and rep- 
resented by Kirchhoff and others to be the solar atmosphere, must 
be something else. This was our idea. I cannot quote our words, 
for I am writing in Venice and have no copies of our paper with me. 

In the American eclipse of 1869 the problem was advanced con- 
siderably, perhaps even more considerably than we can yet form 
an idea of, writing as we must still do doubtfully. I do not refer 
to the drawings, for they varied considerably, but to the observa- 
tion that the light of the outer corona, like that of the prominences, 
gave a bright-line spectrum. But as at least some of the observers 
gave positions doubtfully, “near C” and “near E,” I thought that 
the explanation was still possible which regarded the corona as of 
terrestrial origin ; that is, which assumed it to be an appearance due 
to the presence of light in our own atmosphere. The problem was 
one of such difficulty that there seemed a possibility that, by some 
unexplained cause, some of the solar light might be diffused and beat 
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out of its course, and then mixing up with the light of the chro- 
mosphere, give us a sort of continuous spectrum, with the hydro- 
gen bright lines superposed upon it; in other words, that as the 
eye perceives a bright, irregular region or glare around the un- 
eclipsed sun, an effect due to our atmosphere, § so also the eye might 
perceive a bright, irreguiar region or glare around the uneclipsed 
chromosphere during eclipses, due also to our atmosphere. 

One word here about the Chromosphere, the name I have given 
to the bright-line-giving region outside the photosphere. It has 
long been clear that the spectroscopic method of observing it when 
the sun is not eclipsed is not totally effective; that is tu say, that 
we only see a percentage of it—perhaps only a relatively small 
percentage—but the glowing prominences, that is, those in which 
there is no evidence of the rapid motion of ejection from the sun, 
the ejection taking place at all angles from the line of sight, afford 
evidence that there is probably a layer of cooler hydrogen suscep- 
tible of being rendered visible above the ordinary level. Now as 
these prominences may be 5’ high, it is not unreasonable to sup- 
pose that the chromosphere may even extend to that distance, or 
even alittle beyond it. 

flence it was that in the Instructions to Observers, drawn up by 
Prof. Stokes, and myself, and approved by the organizing com- 
mittee for this 1870 eclipse, it is stated that 

“THE PRINCIPAL OBJECT to be obtained is to determine whether 
it is possible to differentiate the outer layers of irregular outline 


and the streamers (of the corona) from a stratum, say some 4/ or 
6’ high round the sun, which may possibly be the limit of the 
gaseous envelopes above the photosphere.” 

The s age opic observers, therefore, were enjoined— 


a. o determine the actual height of the ¢ hromosphere as seen 
with an eclipsed sun; that is, when the atmospheric illumination, 
the effect of which is doubtless only partially got rid of by the 
Janssen-Lockyer method, is removed. If the method were totally 
effective, the C line, the line of high temperature, should hardl 
increase in height: but there can be little doubt that the method is 
not totally effective, so the increase in height should be carefully 
noted.” 

b. “To determine if there exists cooler. hydrogen above and 
around the vividly incandescent layers and prominences.” 

And the polarisers— 

“To examine a detached and selected part of the corona about 

’ from the limb of the sun, and say about 8’ in diameter.” 

Having got so far, it may be here stated that of the three means 
of attack, namely, the spectroscope, the polariscope and telescope, 
and naked eye observations, the spectroscopic method, under cer- 
tain circumstances, might have been by far the most doubtful, the 
polariscope method coming next. 

With regard to the spectroscopic observations, if we assume that 
no light whatever is received by and from our own atmosphere, 
the observations would be easily translated. A pure continuous 


6 Scientific Intelligence. 


spectrum would reveal to us solid or liquid matter in the circum- 
solar regions; a spectrum continuous or not containing bright 
lines would give us gases or vapors; the ordinary solar spectrum, 
with its dark lines, would indicate matter incapable of radiation 
itself, and therefore cool, reflecting to us ordinary sunlight. It is 
clear that the problem would be complicated if circumsolar matter 
both reflected sun light and sent us its own; and still more so if 
we allow that the coronal light may be partly contributed from 
reflections and refractions in our own atmosphere. Then we have to 
consider whether the light thus contributed may possibly be due to 
the photosphere or to the prominences, and we are landed in a 
maze of difticulties which need not be discussed here. 

Tue system of sketching introduced for this eclipse is at once 
so simple and final that the only wonder is that it has not been 
introduced before. The corona must be either solar, atmos- 
pheric, or subjective, that is, more or less built up in the ob- 
server's eye, this more or less depending ceteris paribus upon the 
brillianey of the undoubted solar portion. If at all stations, the 
stations being as wide apart as they have been this time, the draw- 
ings are similar, then the corona would be undoubtedly cosmical ; 
if dissimilar, then it would either be terrestrial or subjective ; and 
this point could and would have been settled this time, if the 
weather had permitted, by arranging the observers in pairs, that 
is, dealing with two observers in each place instead of a single 
one, and so obtaining the eye-variations. 

This being premised, what is the result of the very few observa- 
tions, comparatively speaking, which have been made? Before I at- 
tempt to give any idea of my answer to this question, it is only fair 
to myself to state that my only sources of information, up to the 
present time, have been conversations with some of the American 
members of the Sicilian expedition, a brief telegram from the 
members of the English party at Agosta, the Rev. 8S. J. Perry’s 
communication to the Daily News of the 2nd instant, and an in- 
spection of some drawings made by the officers of H. M. ships off 
‘Aci Reale. At Catania we saw a portion of the corona for 14 
seconds through a cloud, and that was all; and the day after the 
eclipse, before the more fortunate members of my party return- 
ed, it became my duty to proceed to Malta in H. M.S. Lord War- 
den to attend the court-martial on the officers and crew cf the 
beautiful but unfortunate Psyche, in which we had been wrecked 
on the 15th ult., and the weather in the Mediterranean had been 
so bad that it was impossible to leave Malta in time to rejoin the 
expedition before they left for England. Of detailed information, 
therefore, I have none. 

In the first place, then, I submit that the fact that the corona is 
a compound phenomenon comes out in an unmistakable way. We 
have first of all a ring some 5/ or 6’ high round the moon, which 
almost all observers have seen alike; and then we have light be- 
yond which some observers have seen of one shape and some of 
another, now stellate with many rays, now stellate with few, now 
absolutely at rest, now revolving rapidly. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Astronomy. 227 


This I think to be the key-note of all the observations with 
which I have become acquainted. I need scarcely say that it is 
exactly what had been predicted. 

First among the fortunate ones who observed the corona with 
the telescope was Prof. Watson, of Ann Arbor, who took up his 
station at Carlentini, and appears to have been the best favored 
among the Sicilian observers. From his account I gather that 
there was an almost perfect sfell around the sun about 5’ high, 
and that outside this shell were less definite rays. What he was 
particularly struck with was this, that, as seen in the telescope, 
the rayed portion was most developed over the prominences, and 
as I gathered from him in one case, the rayed portion was absent 
as if a veil had been removed; so that he, at all events, is strongly 
impressed with the idea that the shell represented a true solar ap- 
pendage, and that the rayed structure was due to our own atmos- 
phere. 

Next comes Mr. Brett, who, although he was not so fortunate, 
still was enabled to see and place on record some most interesting 
features, including the whole outline of the corona and even some 
of the protuberances. He also, as I am informed, saw the rayed 
portion of the corona most developed above the protuberances, the 
outline of the interior portion being visible, though not so strongly 
marked as in the case of Prof. Watson’s drawing, in consequence 
of less favorable atmospheric conditions. I am thankful to say 
that the weather at Syracuse enabled Mr. Brothers to obtain some 
admirable photographs, which I have not yet seen. These are 
among the most important results of the expedition. 

Next I must mention Prof. Peirce, the head of one of the Ameri- 
can parties, who observed two miles north of Catania, at a private 
vasino of the Marchese Sangiuliano, I believe that he also saw 
the shell, but of this I am not absolutely certain; but he distinctly 
observed that the outer corona over the prominences was rosy 
red, although he did not see the promicences himself. A more 
beautiful proof of the terrestrial nature of this portion of the co- 
rona it would be difficult to imagine: for, of course, at the sun, 
the hydrogen, which thus tinged it, is incapable of coloring any- 
thing, as its own light is absorbed by the transcendent brilliancy 
of the photosphere; while nothing would be more natural than to 
suppose that the light, which, in its own atmosphere, should 
strongly tinge anything radially illuminated, should be that of 
the prominences. 

But the strongest proof of the variability of the outer portion 
and of the constancy of the inner portion is afforded by the ob- 
servations made on board the small fleet attempting to save the 
Pysche off Aci Reale, where the eclipse was observed in unclouded 
splendor. Here were the ironclads Lord Wurden, Caledonia and 
Royal Oak, and the tugs Weasel and Hearty, besides the Italian 
gunboat Plebiscito, all within a stone’s throw of each other. In 
all the drawings, and many have been received, we have a ring 
5’ or thereabouts, while the outer portion is as variable as may be. 
On the same deck, that namely of the flag-ship, Lord Warden, 
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two drawings were made, one by Capt. Brandreth, and the other 
by Dr. Macdonald, F.R.S., in which the variation is so strong 
that one would feel inclined to acquit the atmosphere of any 
participation in the matter, and to relegate the whole outer coro- 
tia to subjectivity alone, did not Mr. Brother’s admirable photo- 
graphs show both phenomena, as I am told they do. Dr. Mac- 
donald saw eight rays arranged with perfect symmetry ; Capt. 
Brandreth saw only two elliptical hoops crossing each other at 
right angles. 

Capt. Cochran, of the Caledonia, besides the ring, saw a com- 
plicated stellate figure, the rays of nearly equal length, while Mr. 
Dexter, at sea between Catania and Syracuse, saw, besides the 
ring, only one ray of inordinate length. 

So much for the drawings. I think that if the records of for- 
mer eclipses be now examined, especially Mr. Carrington’s draw- 
ing of the eclipse of 1851, and compared with the others taken 
at the same time, additional evidence will be gathered in favor of 
the compound nature of the corona, which on the evidence now 
before me, I consider the great teaching of the present eclipse. 
Our experience in Sicily seems to be similar to that of the Span- 
ish observers, for Mr. Perry writes that, “some observed two 
curved rays,” while the rapid degradation of light occurred at 
one-fifth of a solar diameter, but, so far as I know, no one in Sicily 
was favored with a view of the dark intervals which were observed 
in Spain. 

There is a strange and most interesting discordance between 
some of the spectroscopic observations made in Sicily and Spain. 
At Agosta, where the totality was well visible for ten seconds, 
Mr. Burton detected a green line near E, with a tangential slit 
(distance from moon not stated). This line, which was also seen 
by the Italian observers, is doubtless the one recorded last year 
by the American astronomers, but in Spain Mr. Perry states that 
bright lines at C near D, 6 (or E) and F were observed 8 a ray 
from the sun, At Syracuse, Prof. Harkness, whose telescope was 
moved into the various positions by Capt. Tupman, R.M.A., found 
the green line in all parts of the corona, so far as about 10’ from 
the sun, and at one point thought he detected two green lines, less 
refrangible than it; but at several places he saw a complete hy- 
drogen spectrum (including C) which he attributed to prominen- 
ces, until he was informed by Capt. Tupman that there was no 
prominence near the slit. More proofs of the terrestrial nature of 
this portion of the corona, I think, taken in connection with the 
fact that the dark moon gave identically the same spectrum. It 
would appear that there was so much atmospheric reflection in 
Spain, and here and there at Syracuse, that the true coronal spec- 
trum with its line near E, the existence of which we must now 
accept as established beyond all question, was partially masked by 
the prominent spectrum with its usual well-known lines, There is 
one passage in Mr. Perry’s interesting letter in which, if there be 
a misprint, as I suspect there is, an observation of great importance 
is recorded. It runs, “Mr. Abbay, observing at Xeres with a 
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spectroscope of 2 prisms of 45° belonging to Prof. Young, saw the 
bright lines, C, D, F; and afterwards F, and a line rather more 
bright than F on the less refrangible side of B, C not noticed 
then.” Now, if 6 (not B) was intended here we have sub-incan- 
descent dydrogen mixed with the green-line-giving-substance, 
which may probably be a new element with a vapor density less 
than hydrogen. 

So that roughly we might regard the chromosphere to be built 
up of the following layers, which are in the orders of vapor den- 
sity in the case of ‘known elements :— 

X’ (new element), Green coronal line. 

Hydrogen | Sub-incandescent, F. 

Incandescent, C, F, near G, h. 
X, (new element), 
Magnesium, band lines in blue and violet. 


Barium, Several lines. 

Iron, &ce., Several lines including E. 

The foregoing table excludes naturally the substance or sub- 
stances which give bright lines in the solar spectrum, which are at 
times visible in the spectrum of the chromosphere. I have ven- 
tured to suggest that the substance which gives the line in the 
green is a new element, because invariably I have found that in 
solar storms the chromospheric layers are thrown up in the order 
of vapor density, and because all the heavier vapors are at or be- 
low the level of the photosphere itself. 

With regard to the question of polarization, the parties in Sicily 
obtained evidence that the corona was radially polarized, though 
Profs. Harkness and Eastman obtained a result which they explain 
differently. Mr. Raynard, at Villamonda, and Mr. Peirce, Jr., 
north of Catania, obtained identical results in favor of strong po- 
larization. Hence the solar corona, accepting these observations, 
not only radiates, but reflects solar light to us. A careful consid- 
eration of this fact, taken in connection with the possible addition 
of a, so to speak, terrestrial corona to its light, may enable us to 
account for some of the observations, both polariscopic and spec- 
troscopic, which do not at first appear to harmonize with those to 
which I have referred, notably those which give a pure continuous 
spectrum to thecorona, and which state that its light is only slightly 
polarized. 

From what has preceded, then, we seem justified in suggesting 
as working hypotheses the following, which, however, more accu- 
rate information may alter, and which I offer as sugg estions only, 
bien entendu. 

(1.) The Solar Chromosphere extends some 5! or 6/ from the sun 
(Watson and others), its last layers consisting of cool hydrogen 
(Mr. Abbay), and possibly a new element with a green line in its 
spectrum Wy; oung, Burton, and others) ; which line, if it be identi- 
cal with the auroral line as stated by Gould, may possibly be 
present in the higher regions of our own atmosphere. 

(2.) Outside this stratum the rays, &c., are for the most part due 
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partly to our own atmosphere, partly to our eyes, for their shape 
varies; they are seen by some at rest, by others in motion, and 
their spectrum is the same as that of the dark moon (Maclear). 

(3.) The white light of the chromosphere above the prominences, 
as seen in an eclipse, is due to its strong reflection of solar light, as 
shown by the polariscopic observations (Ranyard, Peirce, Jr., Ladd). 

(4.) The rosy tinge of the corona proper, that is of the region 
more than 5 or 6’ from the sun, is due to our atmosphere con- 
taining light which comes from both the higher and lower strata 
of the chromosphere (Peirce, Sen., Maclear, Abbay.) 

2. Appendix to the Washington Observations of 1868.—The 
Superintendent of the U.S. Naval Observatory, Commodore Sanps, 
has published the Appendix I to the Washington Observations for 
1868, being a catalogue of 1963 stars, and a catalogue of 290 double 
stars, reduced from observations made at Santiago, Chili, during 
the years 1850, ’51, 52, by the U. 8S. N. Astr. Expedition, Captain 
Gilliss, Supdt., Lieut. McRae, Master Phelps, and Captain’s Clerk, 
L. R. Smith, Assistants. 

The observations upon which these catalogues are based were 
intended to constitute vol. IV of the Report of the Expedition, 
but no appropriation has been made for their publication in full, 
though the manuscript is ready for the printer. 

We heartily join Prof. Harkness in his introduction to the cata- 
logues, in expressing the hope that it may yet be possible to pro- 
cure sufficient funds to complete the reductions of the observa- 
tions which were to constitute vol. V, the other unpublished vol- 
ume of the report. These give the positions of 27,500 stars within 
25° of the south pole. If the full observations could be published, 
it would be preferable. If not, a star catalogue deduced from 
them should be accessible to astronomers. B. 45.5, 

3. Professor Young on the Eclipse.—The letter from Professor 
Young, of Dartmouth College, an abstract of which is published 
on page 156* of this volume, in a postscript to the February num- 
ber, was addressed (as was not stated in the Tribune from which 
it was cited) to Dr. Henry Morton, President of the Stevens Tech- 
nological Institute, Hoboken. 


IV. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


On Spontaneous Generation by E. FRANKLAND.—I have 
repeatedly subjected various solutions for Dr. Bastian to a tem- 
perature of 150° to 156° C. in sealed vacuous tubes, in order that 
he might afterward submit them to a microscopical search for 
living organisms. The result of this search led him to conclude 
that living organisms had been generated from non-organized mat- 
ter, whilst Professor Huxley, who examined the contents of one of 
the tubes, considered that no such conclusion could be drawn from 
his own observations. I therefore determined to repeat these 
experiments, operating in exactly the same manner as before in the 
preparation of the solutions, the sealing them up in vacuous tubes, 
and exposing them to a high temperature, but taking additional 
and much more stringent precautions against the subsequent admis- 
sion of atmospheric germs into the tubes. 
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For this purpose four tubes of hard Bohemian glass were pre- 
pared, and about half-filled with a liquid consisting of 
Carbonate of ammonia, 5 grains, 
Phosphate of soda, grains. 
Distilled water, OZ. 
No care was taken to exclude living germs from these ingredients, 
reliance being placed, for the destruction of their vitality, upon 
the high temperature to which they were afterwards subjected. 

These tubes were carefully exhausted by means of the Sprengel 
pump, and hermetically sealed ; they were then, on July 18, 1870, 
exposed for four hours to a temperature varying from 155° to 160° C, 
in a Papin’s digester. After being allowed to cool, the digester 
was opened, and the tubes immediately plunged, two of them into 
colorless concentrated oil of vitriol, and the remaining two into a 
nearly colorless saturated solution of carbolic acid in water, These 
precautions were taken in order to avoid the possible admission 
of atmospheric germs through invisible cracks in the glass; such 
cracks, entirely invisible to the eye, are known sometimes to exist, 
and to be in some cases so excessively minute as to require several 
days for the admission of enough air to perceptibly impair a torri- 
cellian vacuum within. By keeping the tubes entirely immersed 
in liquids which are immediately fatal to vitality, I hoped to meet 
any objections that might be raised, in the event of living organ- 
isms being subsequently found in the tubes, that the germs of such 
organisms had gained access to the enclosed liquids through in- 
visible fissures in the glass. On examining them when they came 
out of the digester, it was evident that the interior walls of the 
glass tubes had been corroded by the enclosed liquid, and as the 
tubes had stood upright in the digester, it was easy to see, by the 
sharp limits of the erosion, the extent to which the liquid had ex- 
panded under the influence of the high temperature to which it 
had been exposed. 

The cylinders containing the immersed tubes were now main- 
tained at a temperature from 60° to 75°F., and were exposed to 
bright diffused daylight, and sometimes to sunlight, for a period 
of more than five months. 

The liquid in all the tubes became more or less turbid, and in 
some cases a small quantity of a light flocculent precipitate sub- 
sided to the bottom. On the 24th of December last two of the 
tubes, which exhibited the greatest turbidity, were selected for 
examination (one of them having been immersed in concentrated 
sulphuric acid, the other in the solution of carbolic acid). The va- 
cuum was unimpaired, and the liquid in the interior formed a good 

yater hammer. These tubes were opened in the presence of Prof. 
Huxley and Mr. Busk, and we submitted their contents to a search- 
ing microscopical examination with powers varying from {th to 
sth. Especially was the flocculent sediment in the tubes sub- 
jected to careful inspection. So far as the optical appearances pre- 
sented by the sediment go, they may be appropriately described in 
the terms which Dr. Bastian applied to the matter found by him 
in a solution of like composition and similarly treated (see Bau, 
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July 7, 1870, p. 200), “A number of little figure-of-eight par- 
ticles, each of which was sy45y” in diameter, were seen in active 
movement, even in situations where they could not have been in- 
fluenced by currents. The portions of the pellicle were made up 
of large, irregular, and highly refractive protein-looking particles 
imbedded in a transparent jelly-like material. The particles were 
most varied in size and shape, being often variously branched and 
knobbed. There were also seen several very delicate, perfectly 
hyaline vesicles, about sy4y, in diameter, these being altogether 
free from solid contents.” But the movement of the particles 
which were observed was obviously mere Brownian motion; and 
many of the particles were evidently minute. splinters of glass. 
There was not the slightest evidence of life in any of the particles. 
The water on the slide containing these solid matters was evapo- 
rated off, and they were treated with hot concentrated sulphuric 
acid, the temperature of the slide being raised to about 100° C. 
There was no blackening, and the rounded and dendritic bodies 
remained as entirely unaltered as the glass splinters. _ Indeed, 
some of the larger spheroidal bodies were evidently rounded par- 
ticles of glass which had become detached from the inner walls 
of the tube by the corrosive action of the enclosed liquid at the 
high temperature to which it had been exposed in the digester.— 
Nature, Jan. 19, 187! 

2. Statistics of Mines und Mining in the States and Territories 
west of the Rocky Mountains ; by Rosstrer W. Raymonp, U.S. 
Commissioner in Mining Statistics. Exec. Document No. 207, 
41st Congress. 806 pp. 8vo. Washington, 1870. (Government 
Printing Oftice).—This Report treats with great fulness of the con- 
ditions of Mining Industry in all the various mining regions through 
the States and Territories of the far west, and is evidently the re- 
sult of a vast amount of judicious labor on the part of the Com- 
missioner, Mr. Raymond. Besides its two chapters of details on 
the mines, their history, conditions, methods of working, expenses, 
etc., and general reviews of the mining regions, it has chapters on 
the U. 8. Mining Law; Mineral Deposits; and Metallurgical Pro- 
cesses; and 225 pages are devoted to a very valuable and well 
illustrated memoir on the Mechanical Apparatus of Mining, by 
Wm. P. Blake. The volume is one of great public importance, 
and should have a wide distribution through the land. 

3. Fall of rain at Hilo, Hawaii (Sandwich Islands), lat. 19° 42' 
N., long. 155° 5’ W.—The following statement of the fall of rain 
at a station on the Sandwich Islands, is put on record in this 
Journal, because the amount of rain is very remarkable, and 
because the number of stations within the tropics for which we 
have a record of the rain-fall, is quite limited. The observations 
were made by Rev. Titus Coan, missionary of the American 
Board, with a rain-gauge made by Prof. Chester 8. Lyman of Yale 
College. The amount of rain for each day is recorded in inches 
and thousandths of an inch. The total amount which fell during 
the year was over 182 inches; and of this 90°7 inches fell in the 
night. The greatest amount which fell in any one month was 
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38°156 inches, in March. The greatest amount which fell in one 
day was 10°466 inches, on March 21st. 


Daily Journal of Rain at Hilo, Hawaii, from August 1, 1846, to July 31, 1847. 
Aug. | Sept. | Nov. Dec. Jan. | Feb. March | April; May ) June 


-639) 1- -360| +620) 065, -130 
‘285| -030| - 325) 1-975] °692) 3%45) | 060 
149| +340] - -240| -450| 2-285) -140/ ‘260, -110 
‘201! 143} -010| -075| 1-610! -720| -205) -125 
1°034| 465) +260) 5895; 015) 4355) -055) 015) -085 
"244! 2065} 1-740 024 010) -080 
039) - +293 3°980| *125) -950 
"352| - 1°320| 3-380] -035| -625 
*399| +253) - 1°700} -705| +225 030} +100! -135! -530 
-042) - -780 020) -260 
*395| -453) - 082) -789 960} | 145 2-170 
‘209| -438) - -390 | | 040) -970 
*309| +120] - 275] -217/ -110) 1-910 “070 
-010] - 080} -093 2°080} 1-730 

1°415| -200) - 1°290! 1-060 | 500 

*390| -103) - 2270} -001 1245) -775| -965 “840 

“022| -290] - 1025} 1-090! | 265) -015 
*346| +173) - 415) -035) ‘110} 6°885] 1-625) 635) -470 
‘400| +168] - 2-067] 2°910/1-205|10°466] -075| 100) 325 
+228] - 135| 2-420| -120! 1°315| -390) | *240) -510 
+150) - -595| 1°665 | 050, 
155| +100] 1-608} -525 020; “170 | 105 
‘200| -100 -295| -090| -325! 1.050 “046! 


045) 010 3°565 1-125] -420, °350| -095| -020| -070 
+235] - 1°465 1°095} -135) -160 


613| +265} -105) 1-550 1505] | °680/ 040, 
200) +135) “155 | -025| | 
183 1515] | 625 
10-685 38-156 18865! 


* Gauge leaked. Total, 182,007 inches. +Record of these days lost. 


4, A short course in Astronomy and the use of Globes ; by 
Henry Kipprz, A. M., Superintendent of Schools, New York, 
Author of a “ New Manual of the Elements of Astronomy.” New 
York, 1871. (Ivison, Blakeman, Taylor & Co.)—This little book, 
of 190 pages, beautifully printed and illustrated, contains, in con- 
cise Janguage, an outline of the elements of Astronomy, so pre- 
sented as to make it a good text book for schools, especially in the 
hands of teachers capable of supplementing its condensed state- 
ments and explanations with suitable oral instruction. It appears 
to be accurate as to facts, clear in expression as its brevity per- 
mits, and conformed, in the main, to the latest and best authorities 
on the matters of which it treats. 

OBITUARY. 

Wittiam Cuavvenet, LL.D., Ex-Chancellor of Washington 
University, St. Louis, died in St. Paul, Minnesota, 13 Dec., 1870, 
at a little more than fifty years of age. He had long been in poor 
health, and on this account resigned his connection with the Uni- 
versity in 1869. After traveling in the South without the restora- 
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tion hoped for, he returned to St. Louis in June, and in the autumn 
went to St. Paul to try that climate; but his disease terminated at 
last in paralysis of the cerebellum. He was buried in St. Louis. 

Chancellor Chauvenet was born in Milford, in northeastern Penn- 
sylvania, and removed at an early age with his parents to Phila- 
delphia. His father, William M. Chauvenet, was a grocer, and 
wished his son to succeed him in his business; he was with diffi- 
culty persuaded by his son’s teacher to develop the boy’s decided 
mathematical taste by a College course. 

In 1836 he entered Yale College, and graduated with distine- 
tion in 1840. Immediately afterward he was employed under 
Professor Bache in taking meteorological observations at the 
Girard College Observatory, but resigned in 1841 to accept the 
position of instructor in mathematics at the U. 8. Naval Asylum 
in Philadelphia. Shortly after, when it was proposed to found a 
Naval Academy at Annapolis, the measure found a warm advo- 
cate in the young Professor, and when the institution was estab- 
lished in 1845, he was made one of the Board of Directors, Pro- 
fessor of Astronomy and Mathematics, and Director of the Observ- 
atory. For the next fourteen years he was acknowledged as the 
chief agent in building up the Academy. 

In 1859 he was elected Professor of Astronomy and Mathemat- 
ics in Washington University, St. Louis, and at the same time was 
offered the professorship of Natural Philosophy and Astronomy in 
Yale College, where the chair of Mathematics had also been at 
his disposal a few years before. He accepted the professorship in 
St. Louis, and began his work there in the autumn of 1859. Three 
years later, on the death of his classmate, Chancellor Hoyt, the 
office of Chancellor of the University was also given him. 

In addition to his professional labors, Chancellor Chauvenet was 
the author of several scientific works of recognized merit. The 
first was a text-book, entitled “Binomial Theorem and Loga- 
rithms.” (Philad., 1843. 92 pp.8vo). The standard character of 
his second work—* A Treatise on Plane and Spherical Trigonom- 
etry,” (Philad., 256 pp. 8vo),—is attested by the fact that its sales 
were greater in 1869, nineteen years after its first issue, than in 
any previous year. In 1863 he published a “ Manual of Spherical 
and Practical Astronomy,” (2 vols. 8vo, pp. 708, 632, Philad.), the 
original and exhaustive character of which has been noticed by 
the late Professor Bond in this Journal, 2d series, vol. xxxvi, pp. 
159, 378. His last work, on Elementary Geometry, written during 
his decline in health, was noticed in the last volume of this Journal. 

Professor Chauvenet also furnished valuable contributions to 
this Journal, to Gould’s Astronomical Journal, to the Proceedings 
of the American Association, etc. He was a collaborator in the 
preparation of the American Ephemeris and Nautical Almanac, 
for which he furnished tables for correcting lunar distances, a 
method of finding the error and rate of a chronometer by equal 
altitudes, etc. 

He married, 30 Dec., 1841, Miss Catharine Hemple, of Philadel- 
phia, who survives him with five of their six children. 
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